











ombustion 


TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION 


A-O’s Industrial Plant of Merit 


Effects of Heated Discharges On a River 


ASME Annual Meeting Highlights 





In the service of pleasure...commerce...national defense 


... Ships 
of all 
types 
are 
powered 
by 


C-E V2M 
Vertical Superheater Boilers 


COMBUSTION ENGINEERING 


General Offices: Windsor, Conn. 
New York Offices: 200 Madison Ave., New York 16 
CANADA: Combustion Engineering-Superheater Ltd. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS : SOM PIPE 





DEVOTED TO THE 


a ee, Sy ont volume 32 number 7 Janvary 1961 


A. W. HINDENLANG, Associate Editor 
ROBERT D. TAFT, Business Manager 


MISS MARY MONGAN, 
Circulation Manager 


Published monthly by COMBUSTION PUB 
LISHING COMPANY, INC., 200 Madisor American Optical Takes First industrial Power Plant Award of 
Ave., New York 16. A SUBSIDIARY OF Merit 24 


COMBUSTION ENGINEERING, INC 

Charles McDonough, President A. Ww. Hindenlang 

hata 5 Sanity, Be Vieo-Peestiont This report on the firsi COMBUSTION Award of Merit 
Lambert J. Gross, Treasurer for industrial power plants describes the award 


Th A. Ennis, Secretar 
panties is? Mpa adaaid winning plant of American Oplical Co. at 


COMBUSTION is sent gratis to engineers in Southbridge, Massachusetts 

the U. S. A. in charge of steam plants from 4 

20,000 ibs per hr capacity up; and to 

consulting engineers in this field. To others Memories of the Good Old Days 2 ee 

the subscription rate, including postage, is 

$4 in the United States, $5.50 in Canada Leslie G. Smith 

and $8 in Latin America and other countries 

Single copies: Domestic, 40 cents, Foreign, The author reminisces over the power plant problems, 
60 cents plus postage. Copyright 1961 by 

Combustion Publishing Company, Inc. Pub perplexities and satisfactions of yesteryear. The 
lication Office, Easton, Pa Issued the middle fulfillment of an operating man’s ambition is presented 


of the month of publication 
m verse. 


Accepted as controlled circulation publicatior 
at Easton, Pa 


Effects of Heated Discharges on the Temperature of the Thames Es- 
the June issue and is indexed regularly by tuary—ll ro 6 37 
SS ree See Seine A. L. H. Gameson, H. Hall and W. S. Preddy 


Applied Science & Technology index 


COMBUSTION publishes its annual index in 


> magazine is now reproduced and dis Part Two of a report of the British Water Pollution 


tributed to libraries on microfilm by University 


Microfilms of Ann Arbor, M'chigon. Zam Research Laboratory describes heat exchange analysis 
Printed in U. S. A BPA and application in a study of thermal pollution of 
the Thames 


? 


ASME Annual Meeting Highlights—il . . . 45 
COVER PHOTO 
Abstracts From the Technical Press—Abroad and Domestic 


Editorials: Shakedown for Automation? . . . 23 


Advertising Index . . . 58, 59 





H. J. Heinz relies on Copes-Vulcan 
reducing and desuperheating station 
to handle big changes 

in steam demand 
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(Far left) Chart on left side of panel 
shows wide load changes. Chart on 
right indicates exacting pressure and 
temperature control. Station takes 
boiler steam at 600 psig and 750 de- 
grees F. and delivers it to process at 
110 psig and 360 degrees F. 


(Cutaway at left) A weighted steel 
bali controls orifice opening, speeds 
intimate mixing of cooling-water and 
steam. No atomizing steam, spray 
nozzie, or glands required. Write for 
Bulletin 1037. 


(Upper right) The 8-inch, 300-pound 
pressure desuperheater is installed 
in the insulated vertical run of steam 
piping at the far left. The cooling- 
water control valve is behind the 
pressure reducing valve in the right 
foreground. 


Fast acting valves assure rigid control 
Cooling water flow for the desuper- 
heater is controlied by a l-inch, 300+ 
pound standard Type CV-D dia- 
phragm valve (left) actuated by a 
temperature controller. 

The 600-pound standard Type 
CV-D reducing vaive (right) has a 
4-inch inlet and 8-inch outlet to take 
care of steam expansion at reduced 
pressure. Its positioner assures ac- 
curate control modulation. 

Copes-Vulcan diaphragm type 
vaives can be direct or reverse act- 
ing. Piston types are also available 
for high duty service, assure maxi- 
mum power with precise positioning. 
Write for Bulletin 1027. 


Working with flow rates that vary from 0 to 70,000 pounds per hour, this Copes-Vulcan reducing and 
desuperheating station holds process steam to plus-or-minus 4 psig and plus-or-minus 5 degrees F. with 
only 16 degrees F. superheat. Wide fluctuations in steam requirements often occur extremely rapidly 
at the H. J. Heinz plant in Pittsburgh. On a typical day, the load increased from 0 to 47,000 pounds 
per hour within 15 minutes, then dropped back to 5,000 pounds per hour in even less time. 

Made up of a Copes-Vulcan Variable-Orifice desuperheater and diaphragm operated Type CV-D 
valve, this type of station represents a new approach in process steam control. Since its installation 
over a year ago, the station has maintained an outstanding record for continuous accuracy. 

Whatever your operating conditions, Copes-Vulcan has the desuperheating station for controlling 
your reduced steam temperatures. Besides the Variable-Orifice type, the line includes a Steam-Assist 


type and a Carburetor type. Write for details. 


Copes-Vulcan Division, Erie 4, Pennsylvania. BLAW-KNOX 
3 
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DE LAVAL Boiler Feed Pumps 


part of modernization 














Each De Laval pump has intermediate pressure bleed off for use in 
contro ling steam temperature from reheater 
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at Atlantic City Electric 


Gibbs & Hill, Inc., Consulting Engineers, 
handled project for new 79,000 KW unit 


To meet increased load demand while improving station performance, 
Atlantic City Electric has completed the installation of a new 79,000 
KW No. 1 main unit at Deepwater Station, the largest now operating 


in their system. 

Providing dependable boiler feed service are two 1000 HP direct motor 
driven half capacity De Laval barrel feed pumps, now in their second 
year ol operation. This is the second modern installation at Deepwater 


to be served by De Laval barrel pumps. 


Deepwater Station at the southern extremity of the N. J. Turnpike. 


DOANE STEAM TURBINE COMSARE 


NOTTINGHAM WAY, TRENTON 2, N. J. 
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For refineries 


r¢ ‘ef 


For diverse industrials 
C-E Package Boiler, Type PCC—new, complet , mbled, high 


perf rman . nt ‘ r . r eam ge ‘ y n service 
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C-F. builds boilers of virtually all designs and types 
known in present practice ... in capacities from less 
than 10,000 to 4,000,000 or more Ib. of steam per hr. 
It is presently building units that will set new world 
records for capacity, pressure and temperature. 

This vast experience has also been successfully 
applied to the development of many special designs to 
utilize waste fuels or to meet unusual steam require- 
ments or space conditions. 

A few recent examples of special C-E designs which 
have successfully met unusual problems are illustrated 
here. In several cases, this success may be attributed 
to the utilization of exclusive C-E developments such 
as controlled circulation or tangential firing. 

Whether your requirements call for boilers of unusual 
characteristics, such as those shown here, or for more 
conventional standard designs, come to C-E where you'll 
find the skill, experience, facilities—and desire—to meet 
your needs exactly. 











For the steel and 


chemical industries 

C-E Package Boiler, Type WCC—a Con- 
trolled Circulation design which utilizes 
waste heat from open hearths or chemical 
processes. The platen surfaces featured 
in the first pass permit passage of abra- 
sive or “sticky” gas without erosion or 
bridging, prolonging boiler life and making 
the unit easier to clean. Controlled Circu- 
lation assures positive control of water to 
all circuits, permitting a smaller boiler 
with obvious space-saving advantages. 
Seven WCC’s are now in service; eight 
others are being erected. 





ATING PUMPS 


COMBUSTION ENGINEERING rn 


General Office: Windsor Conn.: New York Offices: 200 Madison Ave. N. Y. 16, N. Y. 
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GRAVIMETRIC FEEDERS VOLUMETRIC FEEDERS STOPPAGE ALARMS 
Weigh and Feed Feed Sticky Coals Two Types 





Here is Why the S-E-Co. Coal Valve Works 


S-E-Co. Coal Valves operate easily under adverse 
conditions of moisture and corrosive or dusty fuels 
Note the U-shaped gate above which incorporates 
self-cleaning racks along the upper flanged portion 
of the gate. The self-cleaning pinions are located 
above the gate to allow a very deep U section, and 
also to allow dust accumulations to drop through 
the racks and off of the pinions 


Pinions have multiple faces and a tooth form that 


provides many times the normal clearance to the 
sides and back and root of teeth. The ladder racks 
are cold forged (coined) to exact spacing and tooth 
shape. This process also gives a dense, harder surface 
to the rack teeth. The pinions are stainless. 

These are only a few of the many reasons why 
S-E-Co. Coal Valves operate easily and continue to 
operate easily for many years. 


Send your coal valve inquiries to 


STOCK EQUIPMENT COMPANY 


745 HANNA BUILDING 


CLEVELAND 15, OHIO 


S-E-Co. QUALITY PRODUCTS 


CONICAL NON-SEGREGATING 
CCAL DISTRIBUTORS 


COAL SCALES 
Two Basic Sizes 


GUARANTEE 


COAL VALVES 
6” to 60” — Many Styles 














SHIFT AT REVERSE 


SHIFT AT REVERSE 





Diamond developed for more economical power... 


A CLEAN SWEEP...EVERY INCH OF THE WAY 


Get uniform, complete cleaning in those “tough-to-clean”’ zones. Specify Diamond’s IK-300 Retractable 
Blower. The exclusive close-spaced IK helix assures a penetrating nozzle sweep every inch of travel regardless 
of tube bank arrangement and tube spacing. What’s more, because sectionalized lance tube construction 
cuts deflection to a minimum, smaller boiler cavities are possible. In addition, a unique method of equalizing 
nozzle end-thrust assures ‘““minimum-wobble”’ travel regardless of distance. 


IK’s are just part of the reason behind Diamond's established superiority in boiler cleaning systems. Add a 
complete line of cleaning equipment, an experienced, imaginative engineering staff and an unmatched service 
organization. No wonder thousands of utility and industrial power plants are equipped with Diamond 
Cleaning Systems — engineered and designed to provide you with more economical power. 


NOZZLE #1 


nu «~EXTENDING 
=e we ee RETRACTING 








NOZZLE #2 
GS EXTENDING | 
Oe mem RETRACTING 








DIAMOND POWER SPECIALTY CORPORATION, Lancaster, Ohio + DIAMOND SPECIALTY LIMITED, Windsor, Ontario 





IN WISCONSIN... 





OAK CREEK PLANT INSTALLS ITS 14th LJUNGSTROM 


Three new Ljungstrom Air Preheat- 
ers are being added to the eleven 
already in service at Wisconsin Elec- 
tric Power Company's Oak Creek 
plant. These three 290-ton units will 
serve the 1.780.000 lb/hr boiler on 


Oak Creek’s #6 unit. The three Ljung- 
stroms, with a total heating surface 


of 795,300 sq ft, will reduce stack gas 
temperature from 550°F to about 
270°F and preheat incoming combus- 
tion air from 190°F to about 510°F. 

Our engineers will be glad to recom- 
mend how Air Preheater equipment 
can improve your operating results on 
new or existing fuel fired units. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 





new Yarway Unit Tandem Valve for 
blow-off service up to 665 WSP... gives 
you the same time-proven dependability 
of the famous 1500 and 2500 WSP Yarway 
Unit Tandem design. Streamlined, light in 
weight, easy to operate, tight sealing, 
with minimum maintenance. 


Ask for free Bulletin B-435, Supplement A 





TIGHT 


Sealing valve is 

time-proven Yarway Blowing valve features 

Seatless design. _ stellite-faced disc and 
| e integral stellite seat 


Both valves, mounted 
together, permit 
more compact piping 
with reduced weight 
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POSITIVE COLLECTOR PLATES ATTRACT NEGATIVE DUST PARTICLES 


improved collector piate 
design, factory pre-assembly 
that cuts field erection time, 
improved pneumatic or 
electric rapping, automatic 
voltage control, choice of 


high-voltage rectifiers 


This 1s the new electrostatic — 


One of the most important features of our new electro- 


Static precipitator is the unique new collector plate. It is 
a flat plate to which we have added a “pocket” that traps 
dust, and reduces the chance of reentrainment. The new 
design also improves clean-plate sparking voltage, increases 


the migration velocity of particles, performs better with high 
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precipitator from American-Standard Industrial Division! 


side casing. end panels, and hoppers arrive ready to drop 


resistivity dusts, and makes rapping much easier. The choice 

of rapper is up to you; we offer both pneumatic and electric 
1 1 1 

types. So is the ch silicon, selenium, high- 

il. Automatic voltage control 

pre-assembly is carried 


1 point: Structural frames 
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in place. The result is faster, less costly field erection. For 
detailed information, call our nearest sales office and talk 
with one of our product specialists. American-Standard 
Industrial Division, Detroit 32, Mich. In Canada: American- 


Standard Products (Canada) Limited, Toronto, Ontario. 


American-Standard 


INDUSTRIAL DIVISION 


SALES OFFICES IN ALL PRINCIPAL CITIES 





YUBA CONDENSERS 
ANY SIZE...ANY ARRANGEMENT 





: 


L 
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165,000 square foot 


condenser, desiqned to a “'T now 





Arkansas Power & Light's Helena. Arkans« 


Consulting Engineers: Ebosco Services Incorporated 


YUBA SURFACE CONDENSER DESIGN ... most 
flexible...any size...any arrangement. Through design 


advances such as those incorporated in the unit above, 


Yuba illustrates the concepts you can expect from 

TUBE BANK LAYOUT years of engineering leadership in the power industry. 

Yuba’s twin-bank tube layout, seen here in a two 

IN THE INDUSTRY shell “T’”’ type installation, promotes unobstructed, 

equally distributed flow. Through Yuba’s patented 

design, the condensate can be deaerated with oxygen 

content guaranteed to be less than 0.005 cc per liter. 

As a design extra, Yuba staggers the tube support 

plates — reducing harmonics — eliminating vibration. 

Other Yuba products for steam power These are some of the reasons why Yuba surface 

plants include feedwater heaters,  egndensers of all sizes have been installed in plants 
evaporators, expansion joints, cranes 

panhe. etracturel atect erection throughout the world. You'll want to know more 

and scores of other items about the most versatile tube bank layout in the in- 


dustry — contact Yuba today. 


specialists in power plant equipment 


—_ YUBA HEAT TRANSFER DIVISION 


~ YUBA CONSOLIDATED INDUSTRIES, INC. 


SALES OFFICES IN PRINCIPAL CITIES 
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DAILY GRIND 


ALWAYS UNIFORM 
with Pennsylvania 
Reversible Hammermills 


Regardless of condition of coal or 
amount of hammer wear—Penn- 
sylvania Hammermills are noted 
for producing a highly uniform 
product day after day. 

Basic design and simple adjust- 
ments available to the operator on 
the spot make this possible. 

Pin point adjustments of cage- 
hammer clearance (by ratchet 
wrench and worm gear assembly) 
compensate for hammer wear or 
coal condition. 

Crushing action keeps fines to 
minimum. Free air impact crushing 
in upper zone prepares coal so 
there is little dredging of hammers 
through oversize in cage-bar zone. 
Results—uniform grinds day after 
day. 

DOUBLE CRUSHING AREA: 


DOUBLE CAGE, BLOCK 
AND HAMMER LIFE 


No other crushers give you so 
much more for your money. Penn- 
sylvania Reversible Hammermills 
give double the crushing area— 
double the life of cage bars, 
breaker blocks and hammers. A 
flick of the switch; rotor is reversed 
and you are using a duplicate mill. 

What's more, hammers need 
never be hand turned, and wear is 
kept uniform. 


~PEN 
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@ Pennsylvania Reversible Hammermill for preparing bituminous coal for exact specifi- 
cations of cyclone burner bin system, ready for shipment to large southern power plant. 


With adjustable cage assemblies, 
hammers can be worn much fur- 
ther while keeping grind uniform 
—with no falling off of tonnage. 


FREE BULLETIN 


Bulletin 1040, giving a full descrip- 
tion of the design, construction 
features, operation and mainte- 
nance of Pennsylvania Reversible 
Hammermills, can prove profitable 
reading for you. Write for a copy 


today. 


PENNSYLVANIA CRUSHER DIVISION 
Batu Inow Works Corporation 
WEST CHESTER, PENNA. 


DOUBLE DIVIDEND! 


Pennsylvania Bradford 
Breaker cleans coal 
as it crushes 


Famous Pennsylvania Bradford 
Breakers not only crush and size 
run-of-mine co#|—they automati- 
cally remove and discharge tramp 
iron and other refuse. This is just 
one of many features giving 
Pennsylvania world leadership for 
this type of crusher. Over 100 
million tons of coal annually are 
prepared by Pennsylvania Brad- 
fords in power plants everywhere. 
For complete information, write 
and ask for Bulletin 3009. 
~ * & 
Over 50 years concentrated experience 
in all types of material reduction 
makes Pennsyl 7 your best source 
of crushers and engineering advice 
and service. Call on Pennsylvania 
with your mext crushing problem. 
Representatives from coast-to-coast. 
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Now...new from Bailey ft 


...a “foolproof” 


FLAME 
DETECTOR 


5 


that rejects flames from other burners 


Flame detectors are sometimes ‘fooled’ by glowing 
refractories or flames from burners adjacent to that 
under surveillance. This new Bailey Flame Detector 
responds only to the flame it surveys . . . assures positive 
monitoring of coal, gas, oil or combination fuel-fired 
furnaces. Absence or failure of flame is sensed and 
accurately signaled—or relayed to control auxiliaries— 
without use of external relays or amplifiers. 


Here are other distinctive features that make this 
new Bailey Flame Detector outstanding: 


Wide temperature range . . . is suitable for use in areas 


with ambient temperatures from -20 to +300° F. Flame 

sensing element withstands temperatures up to 600° F. 

Easy inspection .. . quick disconnect, keyhole 

mounting simplifies checking of lens condition and 

detector alignment. 

Simple, solid-state circuitry . . . Bailey Flame Detector 

unit contains only 8 components. 

Weatherproof construction . . . design of Bailey unit 

makes it suitable for outdoor installation. 

Why not have your Bailey Engineer give you more 

information? Cal! the Bailey district office, or write us. 
Al47-i 


instruments and controls for power and process 


BAILEY METER COMPANY 
1025 IVANHOE ROAD * CLEVELAND 10, OHIO 


In Canada— Bailey Meter Company Limited, Montreal 
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Super Filmeen‘ 
reduces tube failure 


by 85% for big 
Eastern utility 


Severe corrosion of feedwater heater tubes, 
particularly in plants operating on peak loads. In just one 
such plant, 325 tubes failed in 1959. 


Oxygen reat during idle periods resulted 
in a free oxygen content as high as 6.5 ppm at startup and 
0.10 ppm even after see hours of operation. Other con- 
tributing factors were small amounts of ammonia and carbon 


dioxide. 


~ UT N: Dearborn engineers recommended patented 
Super F ilmeen, the most advanced form of filming amine now 
available, to be applied to the system by injection into 


the feed water. 


85°, reduction in tube failure within a few 
months with the rate of failure still decreasing. Reduction or 
elimination of periodic acid cleaning of boilers is likely since 
the cleaning action of Super Filmeen has removed past corro- 
sion deposits and new corrosion is greatly reduced 
[he non-wettable film characteristic of Super Filmeen, 
extending progressively in the system, has provided protection 
throughout the plant 
Admiralty tubes, rid of corrosion products and provided with 
this film, now show a pewter-like luster. 
Why not add your plant to the growing list of those which 
are finding Super Filmeen the complete answer to stubborn 
corrosion problems? Call your Dearborn representative. Or 


write today for technica! details. 


RBORN CHEMICAL COMPANY 
General Offices: Merchandise Mart, Chicago 54 
Dallas - Des Plaines, Ill. + Ft. Wayne + Honolulu 
Linden, N. J. + Los Angeles + Nashville «+ Omaha 
Pittsburgh + Toronto - Havana + Buenos Aires 
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Singing 





SUPERWASHED. 
West Kentucky 
*11 Seam Coal 














Join the growing number of institutional and industrial coal 
users who are “‘singing’’ the praises of Oriole Superwashed. 
This deep mined coal is low in moisture for higher strength 
and peak performance. It is one of the Aighest in heat value, 
and among the Jowest in ash of all Midwestern coals. Order 
now and you'll be “‘singing’’ about the economical, trouble- 
free operation you get with Oriole Superwashed, too. Prompt, 
dependable delivery via river, lake or rail. 


Bell & Zoller Coal Company 


208 South LaSalle Street, Chicago 4, Illinois 
Since 1886 . St. Louis - Minneapolis . Omaha .-. Louisville . Terre Haute, Ind. - Fond du Lac, Wis 
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BOILER WATER TECHNOLOGY... 


Simplified Diagram of a Complex Problem... 
And Some Suggestions for Getting Satisfactory Answers 


OMI SE et 
nn SOLIDS 





SILICA 


< 


HARDNESS 








ALKALINITY 


CORROSION 


OXYGEN 


All boiler water treat med at preventing 
pickup of impurities by water, removing the im 
purities, or counteracting their effects. This sim 
ple statement of the jobs water treatment has to 
llions of manhours and 

ting and field experi 
ence — a great deal of it by Nalco — in efforts to 
ind economically in 


do gives no hint of the 
dollars spent in researcl 


reach these goals dependably 
all types and sizes of steam systems 


Your water treatment program 
should fit your particular needs 
There are countless combinations of chemicals 
equipment and methods for effectively treating 
boiler feedwater. Yet is one combination 
that will prove to be the be 
It is the responsibility of Nalco people to know 
ind understand all the possible approaches to the 
prevention of corrosion, deposits 
But their greater responsibility 
technical understanding with 
standing of your particular needs 
That is why the Nalco Representative you call 
in will, first of all, determine the 
your plant needs. Whethe: ; merely hardness 


t tor vou 


ind carryover 
is to couple this 
practical under 


quality of water 


reduction, or complet neralization, chances 
are his technical abilit | enable him to develop 
a number of ways produce it. But, most im 
portant — he has the | tical understanding to 
know which of those methods is the most efficient 
and economical the 7 t practical method 


for you 
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CARRYOVER 


ORGANIC- 
ANTIFOAMS 


SOFTENING 
AIDS 


CONDENSATE 
CORROSION 
INHIBITORS 


+ —” 


UNDESIRABLE EFFECT 
DESIRABLE EFFECT 








A Nalco Program Based on Results 

A Nalco program of water treatment for your 
plant is based on all the elements which affect 
results: chemical, mechanical, and operating fac 
tors. To do this, Nalco field personnel bring the 
full weight of unexcelled water treatment re 
search and development, vast field experience, and 
specialized training and skills into use to recom 
mend a program with one aim: the lowest overall 
cost consistent with best results 

Once established, your water treatment program 
includes regular checks by your Nalco Represent 
ative Nalco believes that water treatment re 
sponsibility is continuous — and the thousands of 
Nalco-treated plants, many of them Nalco cus 
tomers without a break for thirty years and more, 
are ample evidence that this belief works well in 
practice 

For prompt action on a Nalco program for your 
plant, call your Nalco Representative today or 
write 


NALCO CHEMICAL COMPANY 


6234 West 66th Place ° Chicago 38, Illinois 


®... Serving Industry through 
Practical Applied Science 


hale 
Nulto 
helio 
Nulie 
Niulee 
Nulie 
Nalie 
Nulte 
Nulee 
haleo 
Nalte 
Nulee 
Nalie 
hulto 
Nulto 
Nuleo 
hulte 
Nalie 
Mule 
Nulie 
hiulee 
hidic 
hilie 
Nilio 
hile 


Malte 
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SOME PLAIN FACTS 


ABOUT SUPERIOR PRECIPITATOR PERFORMANCE 
Buell Precipitators are designed and constructed for rugged service and superior performance. Frills and 
internal frim-fram of a doubtful value are eliminated in favor of strength and simplicity. The casing, out- 
side supports, and internal parts are of rugged construction; and the four-point suspension of emitting elec- 
trodes ensures the greatest stability. Here are just a few of the outstanding features of Buell Precipitators. 


RAPPING MECHANISM || 
GAS _ 


7 COLLECTING 
x «ELECTRODE 


RAPPING 


HAMMER 
DUST POCKETS 


OUST FALLS T UST POCKETS 


Effective Continuous Cycle Rapping —Yes, it's mechanical. A 
simple, rugged system free of complicated gadgets; assures 
positive dust shearing action. Each row of electrodes is rapped 
separately—in the direction of the gas flow—on a continuous 
cycle. Dust is sheared off, drops in an agglomerated mass and 
pockets on electrodes minimize reentrainment. 
























































Uniform Distribution of Gas Flow—fFieid adjustment capability 
is vital. Buell’s adjustable baffle permits final positioning after 
field measurement of actual flow distribution . . . because gas flow 
patterns are not entirely predictable. The Buell distribution system 
assures equal gas loading through the precipitator; eliminates in- 
effective “dead” areas around passages and prevents “‘sneak-by.” 


Buell precipitators are simple and effective. They're 
designed for continuous service. You'll be glad 
you turned to Buell when you experience superior 
performance and low maintenance. Detailed 
literature describing all features is available. 
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SEALED INSULATOR COMPARTMENT 











GASKETS 








Sealed Insulators Improves Operation—High voltage quartz 
support insulators are completely sealed; prevents gas and dust 
leaking into insulator compartment and outside air leaking into 
precipitator. There is no need for costly ventilating systems 
Thermostatically controlled electric heaters insure start-up with- 
out danger of moisture condensation and insulator breakdown 


Buell Spiralectrodes cut maintenance to a minimum. Buel!'s 
record stands at less than 1% replacement in this key area. Self 
tensioned spiralectrodes eliminate vibration and ‘‘off-center’’ 
swaying, often prevalent with weight-tensioned wires. They're 
structurally fixed and once installed stay in alignment. The 
spiralectrode provides greater emission than straight wires 


The Buell Engineering Co., Inc., Dept. 70-A, 123 
William Street, New York 38, N. Y. Northern Blower 
Division, 6413 Barberton Avenue., Cleveland, Ohio. 
wElectric Precipitators @ Cyclones @ Bag Collectors 
=Combination Systems @Fans @Classifiers. 
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EDITORIAL 


Shakedown for Automation 


Exploratory attempts within the power industry to advance the art of steam raising 
or power generation have traditionally been made community knowledge Whatever 
operating company decides to place its company dollars on the line to apply a new design, 
1 new op ing aid to its plant, that company usually lays open its experiences to all in 
terested is remarkably free exchange of ideas and know how has tended to make the 
initial acceptance of something new a somewhat slow process within the power industry 
Che pressure of a possible operating advantage that the new technique might offer the early 

loes not exist lhe risk of the shakedown 1s assumed by relatively few but the knowl 

the shakedown gives is shared by all \utomation in the power industry ts under 
ng this very process today 

Other industries do not, however, follow this procedure The Wall Street Journal 
of Dec. 27 (4 gives an interesting account of the shakedown process automation 1s ex 
periencing in other fields. One such—a butane making plant-—which had been turned 

t ! peration to obtain an expected better control over the two major vari 

w and raw material suffered some severe operating headaches because the 
recognize nor cope with shortages of steam or valve breakdowns. Still 
similar incident occurred at the Ballistic Missile Early Warning System 
id [he computer-controlled radar set-up indicated a missile attach 
igainst North America rechnicians found out the signals had come 
oon whose appearance completely baffled the station's computer soth 

e been attributed to the fact that the computers had not been properly 


| 


moral to the above account it is the one the utility industry has always 
en must walk, at least, before they dance Automation will certainly 
ponsibilities in the power plants of the future but only after it has passed 
rdsticks of reliability and economy. We look forward to Little Gypsy, 


ind Alamitos stations 
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American Optical Takes First Industrial Power 


We visited Southbridge primarily to do another story 
but were so impressed by the plant and its operation 
that we felt impelled to give public recognition to so high a 
caliber of performance. The Award of Merit idea was 
conceived on the spot. What are the things we look for in 
making a COMBUSTION Award of Merit? Table above 
is @ concise summary of our check list and shows how this 
American Optical plant was rated. We think the plant 
able to score ‘‘outstanding”’ in all categories is rare indeed 


but we hope to report on others as we learn of them. 





Plant Award of Merit 


By A. W. HINDENLANG, 


Assoc. Editor 


Photographs by 
T. GAWLICKI 


E FOUND the he \mericat 
cal Co. on the b 


in the 


uarters ol Opti 
ks of the Quinnebaug River 
shaded 
So friendly and courteous 
that no traffic lights aré 
wide main street South 
bridge, the rica’s lens industry, offers a 
striking contrast in the new and the old. While A-O’s 
lay after tomorrow, nearby 


quieth harming, tree Massa 
chusetts city of Southbrid 
ire the city’s 17,000 peopk 
needed on the bustling S-lans 


center ol Ame 


research is as modert 

Old Sturbridge Villag: 

the days of the first New 
dral of Notre Dame 

Its memorial plaques 
French —te 


ige of history straight from 
The cathe 
world 


England colonies 
with the finest in the 
veautiful stained glass windows 


ire imscribed in imony to the predominantly 
Gallic background of the 


»wer plant at Southbridgs 


wnspeopl 

Mass 
on of service that began 127 
that jeweler William 


for spectacles, starting the 


American Optical’s px 
is Carrying on today a tra 
years ago--1t was back LSS3 
Beecher began making frame 
today as the American 


business that the worl nows 


Optical Co 
Services 


\-O's fu 


Quinnebaug would be an interé 


ver plant on the banks of the 
in itself but 
details of its 


The story of 
sting article 
history has regrettably left us very few 


Its modert however, 1s a model 


plant 


industrial 


nterpart 


operation | 


industrial power hing find in an age where 


many considered by manage 


This plant furnishe uired services to 250,000 


sq ft of manutacturing, of nd research facilities ir 
pread out over 


' ' 
ull 


buildings The 


on both bank t the d service lines cross 


ibove ground tu! | like 


] ley 


1 inci 


river in those shown in Fig 


Services supplie: 


Power and 2 000.000 kw 
Heating an 6,000,000 Tb 
Service Water 10,000,000 gal/ month 
Process Water 4,500,000 gal/m 
cu ft/ month 


onth 


Compressed Ai 93 My 


Fig. 1 COMBUSTION Editor and Publisher J. C. McCabe presents Award 
of Merit to (left te right) B. W. Devine, E. V. Lewis and Harding B. Jenkins 
(A-O Photo by Irene Davie) 


Major equipment items used to provide these services 
are 


URBO GENERATORS, | HypRo-GENERATOR 
double extraction, condensing turbine, rated 

kw at 2400) y 
single extraction condensing turbine rated 3000 kw 


at 2400) y 


MM) 


extraction at 50 psi and 3 psi (Fig. 3 


extraction at 4 pst 


single extraction condensing machine 


1250 kw at 600 y 


rigid base 


rated extraction at 4 psi 


straight condensing, rigid frame machine rated 
1000 kw at 600 1 


hydro-generator rated 200 kw at 600 v 


. 2—View through service tunnel looking across the river toward the 
power plant 


Bees 
=m B 8 
mmm 16 


a 
ae ie 





Fig. 3—View of turbine room showing 5000-kw Westinghouse turbine and 
2400-v panel in background. Circulor stairways, like the one in the fore- 
ground, may be unboited and lifted out for passage of pipe or equipment 





Fig. 4--125,000-ib-per-hr workhorse of the boiler team. A C-E VU boiler, 
this unit generates steam at 265 psig, 560 F. Firing floor at burner level 


makes height seem abbreviated 


Fig. 5-—View of A-O's compressor room showing part of the controversial 
foundation for the 500-hp, 3600-cfm horizontal! compressor 
gallery is at the upper left 


Deoerator 


machine does most ol the wo 
older 


hydro m 


he 00 kw 


other three steam turbine generators are 


used for peaking and back-uy Phe 


conditions permit orn 


used when river 


300 kw hr with highest record 


M (;ENERATORS 

B&W rated 60,000 Ib hr at 26 
932, oil fired 

C-E Walsh rated 100,000 lb/hr at 260) psig and 
F, erected 1940, oil fired 

C-E VI 25,000 Ib/hr at 


erected 


| erect¢ 


iv) SI 


rated | 


gas fired 


1948, oil and 


As with the turbines the largest unit 1s the workhors« 
Multipk 
tible gas 


. 


fuel firing combined with a favorable interruy 


rate means real fuel-dollar savings Fig 


> Atk COMPRESSORS (all operate at 87 psig 
14) hp horizontal rated 2600 cfm 
200 hp horizontal rated 1000 cfm 

lo0 hp “Y" rated SOO cfm 

175 hp angle compound rated S00 cfn 
ingle muund rated 450 cin 


jo hy comp 


\ partial view of the scrupulously clean compressor 
room 1s shown in Fig. 5 
listing all the 


umits are 


Unfortunately space does not permit 


Other 
irticl 


items of plant equipment individual 


described elsewhere in the 


Naturally 
others fluctuate 


seasonally 
but 


some service demands vary 


with manufacturing hours ilways 


the supply is available, reliable and efficient 


Efficiency 
What are 


the secrets of operating an efficient industrial 
power piant? Ted Plant Engineer, and B. W 
Devine, Chief Engineer, Power Plant, offer this formula 

1) Know the kilowatts 


pounds of heating and process steam, gallons of process 


Lewis 


precise cost ol product 


water, cubic feet of air, et 


») Use an accurate budget that includes a// costs and 


is corrected monthly to reflect fluctuating fuel costs 
4) Set up a system to continually check quality of 


product, raw materials (fuel and water) and performance 


ol equipimet { 
t) Use 
should be 


these records to determine where investment 


made to increase efliciency and how it can be 


justified 
5) Set up a maintenance Keep 


at top efficiency through planned 


program to 
equipment operating 


preventive maintenance; (5) indicate by simple main 
tenance cost records the point where new equipment ts 
justified 

Later on in this article we'll discuss the simplicity and 
effectiveness of the record system required to carry out 
Let it be 


and works 


this formula for an efficient plant operation 
enough for now to say that the system works 


very well. For instance Fig. 6 shows Messrs. Lewis and 


Devine checking their vear-old oxygen meter (a device 


found in too few industrial plants Scanning his per 


formance records Devine noted a failure to maintain 


proper excess air with continually changing firing rates 
and fuels. High excess air was naturally causing a waste 
of fuel dollars clearly in the records 


ind it showed 





ttracted by the safety tac 


meter (safety means relia 
of heavy 
the 


less than a year 


probability outage 
meter 
Boiler 
intain optimum excess air 
his 
i-plus pounds of steam 

| 


OunadsS 


ory shorter was 


litions has me 
per 
per pound-——a_ fine 


onds to a boiler efficiency 


t carrying most of the load 


heater An 
inother 


in ur 


1 is the 


basis lor 
investment 
ing the 


t economizer inlet was 225 F 


perature boiler is as low as 

Wat 
sulfur content of 1 il ran as high as 4 per cent 
that an 
ths before complete replace 


ent cost $25,000 including 


conditions in mis ion meant econo 
would last 
was require 

Since the ieans 7 per cent in boiler 
to extend the life of 


ind Lewis put thei 


cy somethn done 

onomizer surfa \ ine 
heads together with Doc Mumford and others to 
the meeting was the decision 


metal 


i soluts 


SCC k 


that function of tube 


COTTOSIO}! \ i 1 ril i 


temperature nd olution was to install a closed 


F. W 
nlet to 


heater economizer 


280) I of the 


mperature at 


feedwater heater 


figured t predicted economizer life 


ten vea in izer renewals were costing 


S16.000 heater seemed a wis 


talled in December 1957 
Checks 


measurable 


estmet! 


1 has | I 1 conti! u rvice ever since 


uring annual inst ns have shown no 


corrosior prediction of economizer life 


has beet irs to “indefinite 


extend et ‘ 
Prudent } ping 1 \ nermits A-O) to purchase oil 


with a sult I I I much above 2 per cent at no 
1m and gular analyses in the power plant 
lel 


S offers dramati ence 


price pren 


lab insure that in this low sulfur range 


Fig 
| lished by keepit v 


Note that the cost 
954 to 


eri 


of what can be accom 

ts records and applying them 
shows no improvement trom 
Q56 al 1 I hight 

Actual 

ilarmingly during th 


showed, it was 


rise in the 1956-1957 


period dollars per year climbed 
period Clearly, the records 
could be 


foresighted 


time |! iction if such action 


economically justified Be use ol some 


' ‘ 


nning something cou ve done The newest 5000 kw 


turbine generator had purchased for 3 psi extraction 
Phe 
converting 


was estimated 


tracti 1) psi 


I 
xtraction 


with future ex ind 3 psi 


ind 


cost tf mime} it t« { 1 ¢ 


building heat sure service 


it $50.000 excellent records 
vay for itself in a 
ible drop 


little less thar im cost 


kw and dollars pet r att ffectiveness of the 
10.5 mills and with 

is improved it 1s 

wer plant team can squeeze 
but we certainly won t 


further 


Fig. 6-—-A-O's award-winning team—€. V. Lewis, left, and 8B. W. Devine, 
right, check exygen recorder 


Fig. 7—instrument and contro! panel for the principal boiler. Smell panel 
at right holds flame safeguard controls. Wires beneath it are for tests 
described in article to appear in Feb. COMBUSTION 


Fig. 8—Curves show load growth, dollars per year for power plant opera- 
tion and cost per kw generated. Note remarkable drop in kw cost and 
total dollars wrought by 50 psi extraction installation in 1957 


22,900,000 





290,000 








20,000,000 








18,000,000 | 270,000 








16,000,000 | 250,000 





14000,000 | 230,000 




















12900900 ' 210,000 








Totat cost > 
cosT Kw 


USEFUL 
KW 





Housekeeping and Maintenance Outstanding 


It is practically axiomatic that a good looking power 
plant is a well run plant. And it follows that 
plant has first rate maintenance policies and practices 

The photographs accompanying this article speak for 
themselves in attesting to the outstanding housekeeping 
at this A-O plant. We think it only fair to point out that 
no special preparations were made for these photographs 
rhey represent the plant just as it appears day in and day 
out. An unusual feature about this type of housekeeping 
is that there aren't extra hands around who have 
little else to do but “polish brass.’ 
ind one man in the genera 
Phibodeau 


such a 


any 


One man in the firing aisle 
tor room run the plant. Messrs. Guillespi 
Leighton and McGovern man the generator room while 
Navis, Zuiss, Kazmarek and Bastardo are responsible for 
operating the Morale is high 
ind competition for top performance between the various 
Here again well-kept records help by 


boilers and auxiliaries 
shifts is intense 
showing the performance of each shift 

Ed Nelson heads up the maintenance crew which is 
made up by Messrs. Rheaume, Lippe and Sekula. This 
crew is exceptionally well equipped and capable of almost 
That the crew is on its toes is 


any in-plant repair job 
proved by the fact that the only thing we found leaking 


in this plant was information—and it was given freely 


and with obvious pride 

Maintenance is regularly scheduled on all equipment 
and it pays off in direct dollars and reliability. Wash 
water, for instance, is vital to lens processing. Each 
week end one of the three wash water pumps is checked 
thoroughly so that each pump gets a good going over and 
repair as needed at least every three weeks. This type 
of planning takes much of the urgency out of emergency 
maintenance The wash water control panel (Fig. 9) 
offers a good illustration of maintenance planning rhis 
constant pH _ for 


alum 


Hungerford-Terry panel maintains 
flocculation, introduces the 
automatically desludges the settling basin, automatically 
corrects pH of finished effluent and controls flow of inlet 


ind flow of effluent 


correct amount ol 


water to filter and mixing chamber 
It turther 


entire 


indicates and records the operation of the 


process The panel is a complex of electric and 


electronic instrumentation but a special rack behind it 


holds all the spare fuses, tubes, relavs and other com 


Fig. 9—Avtomatic wash water contro! panel. Rack behind pane! holds 
complete set of spares for emergency repairs 
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ponents that might be required for emergency repair 
This kind of planning ahead saves process down-tim« 
confusion and dollars 

Another feature of the housekeeping-maintenance pro 
gram at A-O is the card record for each item of equi 
ment down to unit Each repair 
ind its cost is logged on the maintenance card A card 


heaters and bubblers 


with numerous or especially costly entries immediately 


suggests that new equipment may be called for. And it 


gives a sound basis for justifying the expenditure. Com 
ments on how records have contributed to plant efi 
ciency and good maintenance lead naturally to some 

cussion on the records themselves 


Plant Records 


Power 


Daily Steam Distribution sheet shown as Table | 


A tax form provided the inspiration for thi 
House 
Starting with total steam generated this sheet progresses 
to electrical distribution Phe next 

credits’ iccounts for all the heat 
50 psi extraction 


steam 
heading ‘‘turbine 
taken from the turbine 
condenser cooling water to heat wash water, et 


to ; gross 


4 psi extrac 
tion 
rhe constants used on each line convert this extra 
heat back to The next ste] 
logically is to turbine credit 
thus 
Breaking the 


conditions 
total 
generation 


boule T 
subtract 
electric arrivin 


gross steam to 


‘net steam to electric generation 
down to word and number equations we find the 
ing 


1) Steam Generation 992 O00 
Net Steam to 


Ele 


2) Gross Steam lurbine 
to Elec 


(,ener 
1,874,400 l 


Credits Gener 


859.603 
line 23 line 47 


At this point we see that 


Net Steam to Elec. Gen 


Kw Generated 


Heat Rate for the Day 


6.02 Ilb/kwhr 


Q5 > nH) kw hr 


3) Steam to Power Houses 
+) Gross Bldg Bldg. Ht 
Ht. and ind Pro« 


Process Stn ess Credits 


993.047 TO.5S3 

line 77 line SS 
Stm. to Wash 

Water 


Condensate 


Credit 


206,172 00S 


line 04 line 06 


fin 
nnd 


Totaling up the distribution we 


Steam Generation (line 992 000 


Distribution 
Net to electric (line 
Net to power house (lin 
Net to bldg. htg., « 
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Steam Generation 


raBLe I 





> 


i 


Boiler 


x 1350 4% 92 2,000 





} 


6. Boiler 


53 


55 


6. 


54. 


No. 4 
Boiler 


PowerR PLANT Datty STEAM DISTRIBUTION 


Stop 

Start 

Diff 
TOT 


x 1450 


AL 2,0/7,000 








8 No.4 
9 Bojler 


x 


57. 
58. 


Steam to 
Fuel 


Steam to the P H C°0° 
Sten sd? condsale 12,650 


Start 74 38 








10 


re TALS GZZ GOO 





1] 
5K) 


rurbine 


Gross Steam to Electric Generation 


Stop ROGZ 
Start “HOO 
x 200 {8 74 ZOO 


60. 


59. Oil 


Closed 
F. W. Heater 
Open 


Condensate 


Diff. 4 

F. W. Lb (dt) 
YZO0O0O 

F. W. Lb (dt) “03> 


61. F. W. Heater 2 0/7 OOO _ x 005 V73620) 
g. H. ; 


62. 


Line 88 


72.38 





3000 


16. Turbine 


Diff (SCZ 


Sto 


63. 


G. E. Feed 
Water Pump 


F. W. Lb Pumped 


x< .00586 








1250 


Turbine 





1250 


8. Vac. Pumy 


64. 
65. 
66. 
67. 


‘Wash Water 
Condensate 
Feed 

Water 
Make-Up 


Stop 3. 4a 


Start OFF / 


Dif. Z676G x 048 (dt) 


2] 
- J 








1000 


19. Turbine 





1000 Vac 
20. Pump _ 


x 378.52 


68. F. W. Lb 


TOT 


AL 3903.3 








21. Exciter 


x 1276 


All Red 
Steam 


Gross Building Heat & Process Steam 
69. 


Line 10 — Lines 23, 59 


, 63, 76 


TE C42 








22. C. W. Pump 


x 1700 





2 
> 





Turbine Credits 
24. O00 
25. 5O¢ 


Extraction 


stop $957 
Start 3545 





Dif. /Q/A x 454 4, O44 
Stop 7094/5009 t GEL ote 


Start 7OB//IOCO T~32 


Diff 530500 1300 


70. 


50¢ Ext 
Steam 


Line 26 — Line 60 


554,664 





71. 


3¢ Ext 
Steam 


Lines 30, 40 — Lines 61, 92 


I6Z, 7F/ 





1250 


. Vac. Pump 


Line 42 





1000 


73. Vac. Pump 


Line 43 





. Exciter 


Line 44 





5. C. W. Pump 


Line 45 








5000 34 


Extraction 


[2,0 5O 
Line 13 Lines 





SOOO 
Wash 


Water 


26, 29 Diff x 831 PFE OC 
Stop #7565 95/-339=/ 


Starté 7S SF 
Dif. /B7T// xX 48(T-PT) YVRBIGGS 


G.E. Feed 


. Water Pump 


Line 63 


x 7.29 





77. 


TOTAL GIGZ OAT 








3000 
Wash 
Water 


Stop 
Start 


Diff 


Total F. W. 


Building Heat & Process Credits 
78. 


Line 56 


LAT OO00 





79. 


W. Water 
Condensate 


Line 95 


232 SIS 








3000 


Condensate 


Stop 
Start 


Diff 


T — 32 
1300 


80. 


5000 
Condensate 


Line 29 Dif. 5390 SOO 





81. 


3000 


Condensate 


Line 39 Diff. 





2000 34 


Extraction 


Line 
Lin x< .831 


82 


1000 
Condensate 


Line 19 





1000 


Condensate 


T — 32 
1300 


83. 


Closed 
F.W. Heater 


Line 60 


SC 384 








1250 


Vac. Pump 


x .8794 


84 


H. Water 
Heat'g System 


Hr (dt) 
X 352.55 203,06 


7 








1000 
Vac. Pump 


Line 2¢ x .8794 


F. Water 
Make-Up 


Line 67 Diff. 
x 62.5 


LZIZ,250 








Elliot 
44. Exciter 


Line 21 x .8794 


TOTALZ 3 52,,097/ | 





Condensate 


Line 78 — Line 86 








45. C. W. Pump 


Line 22 < .8794 





46. Make-Up 


F.W.Lb xX DT + 1300 a 





47 





TOTALZ BS 





48. Net Steam 


Net Steam to Electrical Generation 5S, SOCKkW, 6.90Z/ 


per kw 


5/4.77 


- Line 47 


TOTAL 


Line 23 





Boiler Feed Water 
49 

50. No. 1 

51. Boiler 


Stop 
Start 
Diff 


x 1450 2, 0/7 007 





No. 3 
52. Boiler 





Line 6 x 1.025 


. Net Credit 


Line 87 (dt) 


+ 1300 


Zo 





Net Steam 


Line 77 — Line 88 





IZ24 





90 
91 


Wash 
Water 


Steam to Wash Water 


Sto 4565 
£54 


Dif. /Z, 7/7 _ x 399 (at) f/f 7 JO 





Con. Credit 


Lines 33 plus 36 





Gross Steam 


Lines 92 plus 93 





>. Condensate 


Line 92 Diff 


x .648 (dt 





Cond 
Credit 


= 
Line 95 


*7130_/6, 608 


— 32 











Net Steam 


Line 94 — Line 96 


2497, 564 
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Net to wash water (line 97 


Total Distribution 992 ,219 
measured 


selected 


that total distribution is 219 lb over 


We see 


steam generation In this particular sample day 


at random, this closing error amounts to only one 


ind “7 are 
We are told 


quarter 


hundreth of one per cent and lines 68, 89 


sumply reduced to make the totals agre¢ 


that this closing error seldom gets as high as one 


ol one per cent 


Obviously with this kind of information it becomes a 


simple matter to assess cost of product to the proper 


departmentsand to determine precisely the cost of making 


prod ict 
ob 


if flow chart areas 


Information required to make proper entries ts 


tained from planimeter measurements ¢ 


for the following 


Boiler Steam Flow 

Gas Flow 

Steam Flow to Turbine 

Heating System Steam Flow 

1) Psi Extraction Flow 

Steam Flow to Condition Fuel O1l, mecluding 

l itomizing steam 
fuel oil service heaters 

storage he 

tank heating 

oil pumping 


iting 


d iy 


steam for fuel oil con 
total 
0 per cent im the coldest 


It is interesting to note that total 


ditioning and burning averages 1.6 per cent of 


generation with a peak near 2 


The 
higher pressure pump set and 


month Lewis-Devine team has plans afoot for a 
burner tips of improved 
design to reduce atomizing and overall steam consumy 
tion still further 

\ log sheet like 


rate 


lable 
ind boiler 


[ is filled out daily and evapora 


tion efhciency are noted on the reverse 


sicle For the date shown evaporation was 15.2 lb steam 
per lb of fuel and boiler efficiency was 87.0 per cent 
weckly the the 


daily work sheets and monthly results go into the budget 


\ condensed form verifies trend of 


sheets 


Budget System 
Mr. E. \ 


cost system this way 
the 
up to run the Power Hous« 


Lewis describes his budget or comparative 


Under previous system, a yearly budget was set 
is broken down into 
iccounting periods It did not 
is the tact that it costs 


the 


Chis w 
unounts according to 


take 


more 


vccount such iriables 
Winter to he 


Summer, the variations in the price 


into 


in the t buildings than it does in 


of fuel or the seasonal 


such iter and 


station It 


demand for power and other services is W 


ur, normally furnished by the central was 


» obtan units ol 
the 


it hand, it was too late to do anything about 


impossible under this system costs tor 


services except on an annual basis, and by the time 
figures wert 
them 


We 


would give us 


set out to devise a system of cost accunting that 


monthly checks on unit costs, and a 


method of comparing actual costs with budget allowances 


for units of services by months 


Since the maim variable and largest single expense 


30 


House 1s 
the total 


Power separate 


All maining 


oper iting <« 


this from costs, imecluding 
maintenance enses i »verhead ire 


call standby 
irrived at by 
House cost 
irrive at 
the 


records, we simply 


lumped into what we 


the following method 
records 
total vearly 


iriable 


Fuel costs were 


Power were complet 


fuel costs 


previous 
enough so that we could 
for each service, and since was either heat or 
both co 


cost by the total units produced to obtain a ur 


power ered by divided this 


ut fuel cost 


for each type of service even to the point being able 


the heat from the power By ig thes 
ich or 


were ible to 


to separate 


costs tor ¢ the services 


unit 
period, we standard 
figures 

i truce 


In order to present picture 


between the budget and actual wo ig i 
to start off ul of th 
past three years and said that this would be the price of 
the 


Fluctuations 


we used the averaged actual price 


standard fuel 
reflected 


This was used as a 
n the 


changing the 


oil for next year 
cost 
the 
correspond percentage-wise to 
the 


ictual cost of fuel during the same period was $ 


price ol fuel were 


standard history costs to 


the 


budget by 
For 
the 
then 
be reduced by 


ictual fuel cost 


example, 1f standard fuel cost was $.0700 and 


tin) 
ill of the standard history costs woul 


4 oC 


1.3, for budget purposes 


ictual units of services 


used during the budget period are now multiplied by the 
irrive it a 


uljusted standard history costs or price to 


figure for budget purposes Chis gives a flexible budget 
that follows both a fluctuating fuel price and a fluctuating 
use 

simply broken 


Phe ny 
unit 
For the actual budget for compartsor 
use the following procedure the total 
of fuel by the total steam produced for a cost per pound 
Phe into the 
umounts used the various serivces Phese 
total fuel cost 


budget standby was 


the costs from actual records 


purposes We 
divide ictual cost 


total steam 1s broken down 


ol steam 


for each of 


figures, times the cost per pound, give the 


for steam for the period for each service Since some of 


the energy supplied to the various services is in the form 
the 
prorating the electrical costs according t 
hese figures added to the stear 
breakdown of the fuel ce 


ictual standby 1s allocated to 


of power electrical cost 1s further broken down by 


imount 
wove 


ive 


used osts al Vy 
sts by eT 
the 


is used 


us the ices 


The 


by using the same percentages 


iT1tous SerTy 1ces 
the make-up 
of the budgeted standby 
We now have equitable figures for comparison pur 
poses that are fairly accurate for any reason ondition 
Actual unit prices are now obtained by dividing the 
the 
Table II shows a typical monthly cost sheet showing 
Budget, Actual and Standard figures Note that 
it the bottom of the fuel 
cost is compared with fuel cost for irrive at 


total costs by units produced 

cost 
right hand column standard 
June 
This ratio 


LOO) te 


1 per cent of actua fuel cost 


upplied to each of the fuel cost figures 1m t 


(Moot) rSO,14 
This effectively 


focus of today’s fuel cost 


column—-thus 
total dist 


Standard cost into 


kw and fuel 


the 


the left hand column the 


ictual fuel figure 


q? 
SO267 


Similarly at the bottom of 


Budget fuel figure and the for Tune are 


which is used to bring 


used to obtain a ratio 
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Tasce Il American Optica, CompaANy—COMPARATIVE Power House Cost—Periop ENDING 7-(-60 
! " i Iv Vv vi vil vi ix 


1960 1958 
Distributed Budget Actual 1960 = Standard 
Production Cost Units Price Cost Units Price Cost Units Price 

Electrical at23 1 L2 74352 2/839 
Main Factory Re ie : S7Z370\ _ 
Lens Factor, os 7 — 924 400\ 

Case Fact ry | : — —_ £4, 950 | 
Bldg. #17 Lab | BS 48, 732! 
| 1@,800 | 
287800 | 
| 42563 1$65 100}, 006736 
p ee Le 735 a ae 
__|,00/969| 23.298 -W2492 
hic | |.0000/9 | 
| Dist. Cu Ft & Fue : | + OOGCLT 938 §2790534,.0000/8 
Standby ¢ t | 18/kz 


[Total Cost [2 ___|.000056| 2750 | | .a00052 
Wash Water . 8 2000/0 | 
| Pur & Dist. Gals & Fur | | 4 9B0OH) BLO | 
Heated Ibs. & Oil a ae F-5  T 
Total Oil cost w 000637) /O5 
Standby Cost | i ea = ee a 373 5 
| Total Gal. & Co | = | a00z/T | 4796 | 
| Service Water : |.0000// | 
Dist. Gals. & Oil ; a ” 69 
Standby Cost / | be, 30 
Total Cost | | |000038| /597 | 
| Steam—industrial—Heat'g | 
Bidg. Heat 000642 


-_—$ —$—_—___— - _ 


Total Dist Lb & Oil. ~000-AF| 487 2 |9.064756,000537| 5992 | 


















































| 200007 
| QOOOTZ 











—_~. a a -~——— 


Standby Cost | See ‘es wees” 1ZeZ __ | 5/52 
GRAND TOTAL ia ' 
Oil Cost S5éq.07/43 1/9179 = seed 7 























Al. 


a Standby Cost Act. 0637635 | 24544 4 
Act) 


Total Cost °% of Act 89267149 723|. |  \dede ae peeled $97 
































the budget fuel cost fo ich service right up to the the plant is again operating below its monthly budget 
minute For examplk otal dist. kw and fuel has a The beauty of this type of chart 1s that tt presents a 
nit fuel Budget figure of (427. Correcting, this clear picture of what is happening in the important realm 
mes (0.006427 89267 0.005737. Then of costs in every department of service It shows this 
multiplying the fuel rat (37) by useful kw distrib- picture in a reference frame that is as up-to-the-minute 
uted (1.865, 10K 1 Budget fuel figure of $10,700 is ob as it can possibly be made Each month management 
his, added the standby budget item of can check its operation against a monthly budget figure 
Budget figure of $22,324 reflecting actual fuel costs for the month and against a 
9 kw. The budget total figure for the past three years, again corrected to show 
r the month (col. IV) shows _ the effect of actual current costs. Corollary advantages 
over the budget for June such as having accurate unit costs for services and early 

ild note that thisisnot bad determination of trends are obvious and important 
luring the summer when One of the harassing aspects of record keeping is the 
he grand total shows the time and effort that goes into logging the information 
cted budget ind keeping it accurate. Once again American Optical 
columns I and IV shows seems to have achieved an excellent solution. Power 


that the plant is consis tly bettering its average per plant records are the province of Miss Mary Mack who 
formance fe he past three years as represented by the _ receives all the charts and log sheets from the operators 


corrected standard cost he only exception is a slight planimeters the charts, makes the entries in the distribu 


pressed air distribution tion chart (Table I), runs the calculations and figures 
between ual co |. IV) and standard cost (col daily and weekly evaporation and efficiency Working 
V1 rh probabl unted for by the added in the Chief Engineer's office in the plant, Miss Mack is 


overhead of the new 500 hp compressor which did not in very close contact with operation and can spot a 


discrepancy 


figure into the standard (prior three years) cost Itdoes logging error with a practiced eye. Her counterpart 
show it higher budget standby cost, however, so that Miss Paula Veshia, while acting as secretary to Plant 
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Engineer Ted Lewi 
records hese 
erall operation 


plained the 


Neal ¢ 
ha ibou 


eriou 


nufacturer rejected the 


but 


the 
While the 


undation 


ition wrough 


jured cooling w 
to build a coolit 
' Luria 


luinnebauy 


talled a cor 


circulating 


x 


pressure 
O00 
ed | 
returned t tl 
temperature was reduce 
g ol original mn 
installatx 


ny le te 


Water 


» withis 
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plant with cooling 
Note uni- 


Fig. 10—View of power 

weoter spray system in operation 

formity of spray controlled only by reducing 
pipe size 


Fig. 11—Combined Chief Engineer's office and 
power plant laboratory. Equipment is described 
on opposite page 





the jar te 


When 
‘ ‘ . 1 

nat i ppm was the 

dual alum in the wash 
i half and the improved 
d to process impro' 
ed my iluable 111] 


gencies ustrial accidents ups 


raised the pH of the river wv to 10 
Naturally 
echiate ina 
It is not 


could have 


in one imst 


nd lowered both « 


caused SEeTIOUS 
showed what wa to correct it 
inconceivable. tl ither ] iccidents 


caused complete plat t v1 id not the trouble beet 


ind ret 
ill tl tag wccruing 


deter ted 


Dy spite tron | 


testing equip! w industrial power plants 


he tragic aspec 


ason usually 


s the re 
\-O's equipment 


urniture ivestment is esti 1 at only $25 


W}-&3 
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1 wonder to us how most plants can afford to do 
Editor's Note 
added safety 
instrument 


in this « 


without Because of the direct effi 
the oxygen meter is here 
rather than test 


stimate 


ind 
considered an operating 
ind 1s not included 


ciency return 


equipment 


Morale 


When we encounter like that described 
here we can usually credit the factors already discussed 

equipment, records, checks on performance and the like 
jut we feel that these could never do the job without the 
that makes the plant really effe 
morale rhis is an abstract term that is difficult 
to define but when you're in a plant where morale is high 
You feel it in dozen ways 

and equipment, the ready 
pride of perform 


periormance 


one great intangible 


tive 
you know it instantly 
spotless appearance of plant 
in describing operation 
effort, the air 
It starts at the top with the 
Ted Lewis 


| ricie 
lack of 


smile 


ince, the of quiet con 


wasted 


fidence these and more 
dedication of 
through the entire 


ship and they’re proud of 


and the 
ind spreads 
i tight 


interest ol management 
Devine power 


hey 


ind Berni 


plant staff run 
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COMPLETED AMBRALOY WATER BOX, one of eight, for 198,000-sq.-ft. twin-shell condenser in Consolidated Edison 
Company s Astoria N t Unit. Boxes fit on tube sheets of Everdur—each 8’ «x 14° x lt, produced by Anaconda 
American Brass ¢ ) vy. Box is stiffened by steel ribs welded to the shell and to two heavy steel reinfor ing bar 


New long-life water boxes fabricated from Ambraloy 
improve water flow—are ‘/s weight of cast boxes 


Streamlined water boxes built by C. H. Wheeler Mfg. 
Co. for Consolidated Edison Astoria Unit No. 4 


Fabricated from a strong wrought copper alloy, they offer 
some interesting advantages over cast iron boxes 
1. Weight savings—under 17,000 pounds compared with 45,000 
pounds for cast boxes—easier to ship and handle in installation 
and maintenance 
2. Wider latitude in water box design. Conical shape of boxes 
streamlines flow of cooling water minimizing turbulence and 
eddy currents which affect tube life 
3. Long sewice life. Unlike cast iron boxes, which rust and 
leave corrosion pr xlucts detrimental to tubes and tubs sheets 
nonferrous boxes are highly corrosion resistant 
Engineers at C. H. Wheeler Mfg. Co. consulted Anaconda 
metallurgists for suit ible alloys « ombining high strength, weld 
ability, and hig] orrosion resistance The relative merits of 
( upro Nickel, 10 755. used for water boxes in Naval con 
densers Ambraloy-930 aluminum bronze and Everdur 
1010 (copper silicon allo were considered, and as a result 
Ambraloy-930 was selected for this particular installation 
handling polluted sea water from New York's East River 
Anaconda in Brass Company, Waterbury 20, Conn 


Ameri 
la Anac nda Ar mTICan Brass Ltd Ne \ Toronto 


y erinding. an ANACONDA 


Mest of the Gubling TUBES AND PLATES FOR 
ectrode | i CONDENSERS AND HEAT EXCHANGERS 


ng wit! 


WATER BOX ON A VERTICAL BORING MILL cl: 
C. H. Wheeler Mfg. Co. plant, PI 
cated fr tr ed 


Anaconda Amer n Br ( 
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"This Proves That Automation Doesn't Cause Unemployment” 


ourtesy { Ime r *romliunc re , Minneayp 


liseHoneywell Regul 


Memories of the Good Old Days 


By Lesie G. Smith 


Chief Engineer, Port Jefferson Station, Long Island Lighting Co. 


NCE old-tin power station game often 


say ‘‘rem good old days’’ let's reminisce 


a litth 
Remember 


when modern power station contained 


1 200 psig boiler, a turbo-generator unit about 10 mw, 


1 jet condenser, an open heater, and a steam-driven 
rs ol 


school diploma to be a 


gramunar school to be a 
chief 


station ol 


boiler feed-pumy] wo Vt 


watch engineer 


This is a far cry from the modern power 


today, with its huge turbo-generator units, high-pressure 


boilers, mynad auxiliaries, and its complicated auto 


mation 
In the good 1 da me only heard occasionally a 
stuck safety \v ) blown gasket, one operated by 


changed and as the 


the drone mlay, things have 
ilarms com p and the windows light, it requires at 


least an understanding English to diagnose one 
trouble 
Remember back in ‘3 ime 


one-half day off on Christmas, the 


off in lieu of ov 


>4-hr week? Thirty 
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ertime, 


bucks a week put a fellow in the upper income brackets 
You left home at 5 a.m. to get to work at 7. What a 
grind! A bus ride, a walk, a train ride, then another 
walk Now we complain if we have to park at the far 
end of the parking lot 

Did you ever handle one of those good old-fashioned 
scoops? They just don't build 

Then maybe things changed for you. You got 
and spent more time 
feet A good 
hopper \ far 
handled by our 
underpaid ? 


coal them so wide any 


more 
a hand-operated drag-line 
knees than on your 
coal to the 
now 


scoop 
on your hands and 
work was 2()-tons of 
Hi)-tons per 


day's 
cry from the hour 
bulldozers think 
you really weren't producing 


modern You you wer 
Let's face it, 
than honest sweat 

\s you progressed you no doubt operated one of those 
coal hoists, maybe a monorail rig —oh, those bumps 
I often wondered if that hoisting drum was helping at 
ton bucket by sheer brute 


a lar cry 


much more 


all, or were we lifting that | 


force on those hoisting levers — again, from our 
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i1utomated modern towers, with their air-conditioned 
cabs; and to top it off, those leather upholstered chairs, 
moving and reclining at will 

I'm sure you remember those cool, cool jobs-—maybe 
renewing a stoker tail-grate, a quick trip through that 
fire door with a cardboard to shield you from the radiant 


heat of that fire hoed-up against the front wall 


Remember the automation [he asbestos flappers 
precisely balanced to operate the outlet damper via 
pilot valve control All vou had to do to get on com 
plete manual was to force those fires, warp your flapper 

ind boy, you had had it 

Remember the coal lorri if you didn't get the darn 
things set just right you spent half your watch shoveling 
coal off the floor—and oh, those lunches in the fire-room! 
If coal-dust is injurious to health, then there just wouldn't 
be any old-timers to reminisces 

You may not believe it, but the best six-inch float 
operated valve we ever had was operated by a five 
rallon paint pail weighted down with dry sand—ten 
years, no maintenance, and never a stuck valve 

And, oh yes, the good old Smoot-regulators You 
know, the darn things were okay, but every operator 
carried a bunch of weights, o1 ( rv regulator and 
one for every load 

And oh those boilers! he mx valuable mechanic 
was a good bricklayer temem counting the brick 
in your ash pile, and everyor ruessing “now where did 
that one come trom nd the water-wall blocks, often 
thought there was. asbestos 1 ! block-paste, just to 
help burn the darn thi out nd the old Calumet 
burners seemed they alway | l up when things got 
ough; and your horror find that the slag screen plug 
was not caused by a slag build-up oO larn superheater 
tubes just decided to get gy screen happy Four week 
on the line was a record ow we complain having t 
come off for the yearly ims ! inspection 

No doubt you will forever mber your first turbine 
tart-up. You rolled her s1 half speed— thet 
ill hell broke loose She h itical you hit your 
critical she shook — you throttle shook —the 
itings shook—but im unutes you emerged the 
master; felt like a wet 1 mu were filled with the 
pride of having brought through 

And we talk about our modern « k-starts Remem 
ber a boiler on the line in 50 mint ind a ten minute 
turbine start Oh well, thes ill were emergencies 
Never really knew how much our turbine would carry 
running atmosphere, until we burned all the cork off the 
condenser one mght It was a good thing that the con 


denser had those shding tube ends with the ferrules and 


corset lacing we really leart | how little she'd carry 

And weren't those atmospheric valves cooperative 
they just laid quiet-like with the turbine on the line 
while you took the covers off and cleaned out the 


Were we ever lucky! 


Remember the old chiet 


m line fe 
lifting those weighted 
watch lancet those 


hair-cuts did we get im 1 ne seemed to get burnes 


x 


Oh yes, and those \ bl peed mull motors how 
often have you barred them off dead 1 Didn't 
know for the longest tin 


36 


And who hasn't taken a rap at the duplex pump to 


her going 


And wer 
ion light, 


extens 


iny p 


Owe’ 


Thy 
ino 


ent we 


i 


re lite 


ingen 


good oid da \ 


IS ? \ pail of asbestos, an 


ind an air hose and one could operate 


station 


I remember dun 
the 


pipe « 
fine It 
pressu 
storm 


ich time 


ine ¢ 


lay, 


t 


! 


hity 


ing asbestos in a 20)-in. atmospheri 


cuu 
p uils 


m dropped However, on 


get 


i 


later, the turbine went high 


re, and we had the most spectacular June snow 


ind 


spe nt 


weeks cleaning roofs 


(nother story I like to repeat relates to a turbine room 


fire 
the tt 


last remaining 


irea 


We had exhausted all of our fire extinguishers on 


irbine 


ele 


Imagine 


hire 


| 
i 


1¢ 


our 


mn W 
extingt 


horr 


e sent the fireman for ou 
usher located in the bunke 
r when the elevator doo 


T 
I 
I 


opened and he emerged from a cab full of foam, gasping 


ind sputtering 


\re F 


unny 


tinguisher 


Then there 


ind 


Moral Ne 


5 tl 


his own wash room 
he flushed 


bowl t 


0 


looking like a husband on “Peopk 


ver invert a caustic fire ex 


tory about the chief who installe 


Imagine his embarrassment when 


the thing — the 


»)> DS 


psig 


your hook-ups 


mechanic had hooked the 


saturated steam Moral—be sure o 


And oh ves, weren't our 


carned 
the sh 
know, 


Well boys, 


me toc 


heat rates good? Each chi 


1 pocket full of leads for those coal scales an 


ort « 
those 


lay i 


challenge 


you on 

And 
writing 
things 


your 


now 


oal in\ 


lousy 


there 


nd the 


ind « 


toes 


t 


ntory each six months. Well vor 


tugs were bunkering off vour barge 


s much, much more, but for m 


modern 


power station 


t those young squirts 


I'll 


\ Chiei 


end with i little vers 


can be relaxing whet 


s Drean 


I " I 


Les! 
Chief 
Port Jefferson 


An Old Timer 
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By A. L. H. GAMESON, H. HALL and W. S. 
PREDDY 


Water Pollution Research Laboratory, Stevanage. 


Part | of this article in December COMBUSTION 
discussed the increasingly important thermal pollution 
of rivers from the standpoint of temperature input con- 
ditions. This concluding installment discusses rate of 
exchange of heat, derives equations for heat trans- 


fer and considers application of the methods used. 


Effects of Heated Discharges on the Temperature 
of the Thames Estuary—Il 


Rate of Exchange of Heat The displacement by the fresh water flow is readily 


. , calculated from data for the flow and the cross-sectional 
illy entering the estuary 1s dispersed 
a irea of the estuary rhe average excursion of the water 
| ed ward the sea by the flow 
tually lost 1 , ilong the estuary due to the tide is likewise found from 
is even a OSt DY ais 

, , tidal levels and surface widths. The dispersion by mix 
boundary of the estuary 


, ; , ing, however, 1s not calculable from existing data, neither 
where’ Ms may b et ind the rest escapes to 
: , can it be found from any practicable experimental work 
the air and to the sid ind bed of the estuary Before Hy ; , , 
, owever, 11 the amount ol cooling that takes place 
it is possible to ite the observed distribution of tem ° | 


in the course of, say, three tidal cycles is not too great, 
then a knowledge of the distribution of the water after 
this period should be sufficient for the present purpose 


perature to tl te ol ition of heat it is necessary to 
examine the n ment of the water and the mechanism 


, even if the distribution after a single tidal cycle, or 
to the estuary is not ; 
hat ied shorter period, is unknown. (It may be of interest at 
oO] wale ipstream 
this point to anticipate the results found later, by men 
iverage distance of 
' , tioning that the proportion of the excess heat lost from 
r Oy by the tide and ts dispersed by the mixing of 
' , ; the estuary by cooling in a period of three tides 1s of the 
the water that results mau from tidal action 
order of one-fifth 


The dispersal of water during one tidal cycle remains 
unknown; nevertheless it is possible to choose a form of 
representation which, although departing greatly from 


COMBUSTION / January 1961 37 





the likely 


dispersion 


ticle IS 
trus 
By 


yimetrical di 


distribution during one 
the 
f surprisingly few tick 

different 
which is deliberately choset 
ible 
the 


true to 
ilter a 
thi 


one of 


ubstantial agreement with 


period ( S illustrate 
point for three tributions 
to represent 
In the case 


which widen 


i very improb 
like that of 
progressively toward the 
the ol 


m will be greater the 


distribution of an estuary 
Thames 
the 
passing through a 


r the cr 


out 


mixing will be svinmetru quantity 
ecti 


ection 1s to the " onsidering 
the 
tant from the bound 


at 


ind by « 


exchange of watet ( i boundary from 


ghborhood of two sect equidi 


wT 


iryv itt een that a similar symmetric distribution 


each section would lead to a net transter of water across 


the boundary (in an upstream direction) by mixing alone 


form 


ent 


of distribution that was eventually chosen to 
the mixing the Thames | that 
Fig. 9 \ proportion 7, of the water originally 
the 
dd of one 


in stuary was 
hown 1n 
within immediate 


tide, to be 


vicinity of O 1s assumed, after a 


peri umformly dispersed (in terms ol 


umount per unit length) through distance of 6 


} miles le 


roportion 1S 


out a 
miles seaward of O 
tidal 
tributed upstream otf 0 
the 
flexible ty 
tants t 


this 1s 2 or 
Won) \ | 


' 


; than the av 


iu excur 


milarly dis 
The rest of the water returns to 
| his 


irm 


or remains 1n nmediat borhood of O 


mily 


mixing 1s vé 


e¢ neiwn 


isa very tributs with 


It the 
expected l ; p will be 
» that litth 
ligl i as 


the 


tw 
trary con ry 
ilmost 
left at 


ill 


intense 1t1 o be 


equal to umty rigil 


ial water 1 


O), while if the 


Dh 


which 


mixing 1 will be sn 


gmitudes of 
iry from 


the estuary 


the 


may 


mm two equat expressing net 


i water throug 


section by mixing 
the 
ilgebr Li¢ 
ip 


relaxation 


he eTo 
The 


values of /? nd / 


must 
ilt 
the 


other 


expressing 


tw have no 


solutions and ’, have to be 


proached by successive itions, by 


No ce t ils ol the 
ubject has been dealt 
in earlier publication (5 

the 


ethods or by numerical integ ion 


equation is the 


y here 
it considerable length im 


ire given 


this work use 
the fl 


was 1 records 


extensive 
the 


Thames Conser 


w of tresh from upper 


er at Teddington pre 


' 
\ nd of the sahnity of tl vat of the estuary 
London C 
the « 


\uthority 


upplie details of 


ire the 


Lith il 


d by the 


dimensions of stuary »btained mn 


lentioned ind /, that 
iowhere did 


did the 


iter 


were found appeared to thus, 1 


| 
either value | rr 
the 


i i 


ere | nowhere sum 


ol two exceed ’ ilwavs than 


the 


be kk ow 


pre 


; required by the a nixing ind 


naximun ilue of each w found ort 
where the configuration of 
N rehable hngure 

the first or > mul trom the he 
to the 


amounts ol 


distance 
the 
ould be 
id of the 
uncertainties in 


(;ravesend neat estuary 


is rather irregular obtained 


tor estuary 
owing 


the 


very k salinities and ts 
salt cx indward sources 
After the 
wccuracy of 
checked by 


pected during periods whet 


values ol id been evaluated the 
ng the 


salinity to 


this method mixing was 


predicting the char sil be ex 


the flow was changing rapidly 
ind the daily 


distribution 


given only the initial salinity 
the 


listribution 


figures for flow at Teddingtor Phe 
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Fig. 8—Distribution of water after periods of one, two and three tides, using 
three different representations of symmetric mixing 


ilter tw 
the flow 


pred ted with vratiiving 


» different pert xis O 


was increasing arn other decre iSing 


\ ilculation 0 
durit 


icCuracy 
ilinity 


greement with the 


1946 also 
»wwed satistactory ilues 
Phe ng in calculat 
the distribution of heated effluents discharged to the 


ve irl iverage distribution I 


she observed 


method of using this theory of mix: 


ing 
will be « msidered in i later sectiol 


estuary Perhaps it 


should be pointed out that the magnitude 
proportions are likely to be affected by 
tidal iter flows 
obtain ilues of P; and 


tic] the 


ind fresh w ttempt 


the 


but since results wi 


lating avert 


nd since 


the 











6m es 6 miles 





Fig. ?—Representation of mixing during one tidal cycle in the Thames Es- 
tvary 
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of a fortmight, there is no reason to doubt the 
The effect of variations 
to be slight 
the proportions have been 


period 
ipplicability of the 

the fresh 
the first few mules 


water except in 


calculated 
Ve hanism of Thi 


iny artificial heating there 1s ce 


Even in the absence of 


nstant exchange of heat 
between the water of tl tuary and its surroundings 


<aciatvion evaporatwiol nauction an convection a 
Radiat t t t I] 


play a part, and it xpected that the amounts of 
heat transferred by ch hese factors will alter when 


the temperature raised by the addition of 
heat It is con 


the estuary at 


sider the temperature of 
he <« ym posed ol twe parts 


thus 


Water Pemperature 


Tempe 

lemperature Increment 
that 
onditions of shght arti 


where the basi nperature is the temperature 


would have obtained 
ficial 
temperature 
that is attributable 


convement 


heating considered earlier in the paper, and the 
increme! that part of the 


idditional heat It is 


temperature 
ilso 
to consider the heat content of the water to 
heat is then the in 


ince the period to which the 


xCeSS 


be similarly compose 


crease in the heat « 
relation between the 
idded heat that 1s 


consider what ex 


basic temperature refet It is the 


excess temperature ind the 
now to be examined irst let us 
changes of heat between the estuary and its surroundings 
are continually taking place 
likely to be altered by the addition of heat to the estuary 


It is presumed that the 


ind how the net exchange ts 
laytime heating of the water 


by the sun is responsible for the average water tempera 


ture being higher than the average air temperature (Fig 
ja The heat 
fected by 
but the 


creased in the 


received from the sun will not be af 


raising the water temperature a few degrees 


radiation of heat from the estuary will be in 


presence heated discharges rhe in 
of lo f heat due to additional radia 


ill compared with the increases duc 


crease in the rate 
tion 1s likely to be sm 
to other processes, and over the range of the few degrees 
heated the 


ce will be nearly proportional 


by which the water h pee! increased loss of 


heat from unit are 


in temperature 


to the increase 


Evaporation from the water surface causes cooling, and 


the rate of ev iporatior lepe nds on the temperature ol 


the water, the temperature and relative humidity of the 


ur in contact with it, the wind velocity, and the fetch of 


the wind (S Phe sure at 0, 10, 20 and 30 ¢ 


is 5 mm 4% mn ‘ . im of mercury re spec 


tively; over any rang C the rate of change of 


vapor pressure with tem] ture is nearly linear, and 


so, 1f other conditions remain the same, it is probable 


that the increase in the rat f loss of heat by evaporative 


cooling is proportiotr increase in temperature 


the constant of prop however, increasing with 


rising basic temperatut As the meteorological factors 


which influence th iporation—particularly 


humidity and wind velocit vary seasonally, and are 


therefore correlated with tl basic temperature, it is 


impossible to estim: n what manner the constant of 
proportionality 
he remainder of losses will be by conduction 


to the sides and bed estuary, and by conduction 
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bn d 
proportional to the 


and convection to the air rhe increased loss to the 
due to the heat increment will be 
temperature increment, to the 
the bed, and to the wetted perimeter 
to the air, over the temperature range that ts involved, is 
likely to be nearly proportional to the temperature inere 


and to the width of the 


thermal conductivity of 


Che increased loss 


ment estuary; the constant of 


proportionality may be expected to be affected greatly by 


surface turbulence and wind velocity, and may also 


depend on the relative temperatures of air and water 


The order of magnitude of the difference in the 
umounts of heat passing through the bed when the estu 
ary 1s receiving heated discharges and when it 1s at the 
basic te mperature can be estimated in the following way 
If at some point in the estuary the basic temperature is 
/ and the and if at 
1 long way temperature is / 
this 
changing the temperature of the 
#), then the rate of transfer of heat through unit area at 


mcrement is @ Sone 
bed the 
temperature is not changed significantly by 


estuary by the 


temperature 
point below the 
and 


amount 


some pomt nearer to the bed of the estuary will be 4(/ 

Jy) af the b(7+6—7,) if it is 
heated »1S a constant involving the thermal con 
ductivity of the bed and the spatial arrangement of the 
points considered rhe difference these 
rates 1s 66, which 1s equal to the rate of transfer of heat at 


estuary 1s unheated and 


where 
between two 
the same point if the temperature of the estuary were / 
+ @and the it the point a long way below 
the estuary were / 
heat from the estuary under these conditions if the bed of 
the estuary were only | ft thick and if beyond that depth 


temperature 
Consider next the rate of escape of 


maintained at the bas 
bed is unlikely to 


this 


the temperature wa tempera 
ture Phe 
exceed four 
figure and a typical observed distribution of 6 along the 
estuary it 1s found that the 
about one-third of the rate of addition of heat that pro 
Now the 


fer of heat through one isothermal surface below the estu 


thermal conductivity of the 


umts of 10 cal/cem, C, sec using 


rate of loss of heat would be 


duced the temperature rise total rate of trans 


as for another, except for the heat 
escapes from the banks to the air; 
for the hundreds of feet 
through an 


ary will be the same 
that 


since the 


consequently 
estuary 1s 
wide, the heat 
about 2 ft below the 
that passing through the one at half that depth. Clearly 

the effective depth of the bed must be very 
much greater than | ft so that it is unlikely that the 
amount of the excess heat lost through the bed amounts 
to more than a few per cent of the total. At all « 
it is probable that the change in the amount of heat tran 

to heating of 


most part 


passing isothermal surface 


estuary will be nearly as great as 


therefore 


vents 


ferred through the bed of the estuary dus 
the estuary 1s proportional to the increase in temperature 


Taking all these things into account, it seems a reason 
able hypothesis that if the temperature of the estuary 
water increased by artificial heating, so that the 
temperature at any point were raised from / to 7 + 6, 
then the rate added heat, per unit area of 
the water surface, would be equal to K@ joth / and 6 
vary with position in the estuary (Fig. 6, Part 1), and it is 
to be expected that A will vary both with position and 
quite apart from the short 


but 


were 


of loss of the 


with the basic temperature 


term variations, which may be large which do not 


concern the present work 
If, after taking into account the ways in which heat is 
lost had been concluded that the 


from the estuary, it 
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relation between the ra tf addition of he ind =the 
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time when there 
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temperature 
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represent the change u my ure distribution from 
sent work 
data 
heat 


midi 


one period of heating to ar wr the pre 
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inputs, that the 


perature and the 
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uld refer to « 
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Another consequence of a linear rela 
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he f yay Loa 


heat 
ature versely 
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the corresponding ch 
proportional to the 
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re constant of proportionanty is seen from the 


to be 
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ilso seet ethcient has 


work it 
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equating the 
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total rate of entry excess 
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xv from the head 
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water. Combining equations 
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the 
ible 


terminated at any con 


where the integration 


estuary to the point where temperature incren 


inishe i impracts to extend the integ 
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lost 


right-hand side it the 


ement point and the heat through the boundary 
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heat 
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equal to the rate of entry of heat to the which is 


ilue for VY. Equation (S) may 
the 
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now be solved for f(the average ilue of exchange 


coethcent way a figure 
Thames Estuary 
nth 
Principles of Calculating Temperature Distribution 
heated 
the 
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effluent 
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obtained for during a particular 
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ot the ten 
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tribution 
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tributed 
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equation 
Thirdly 
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the ul r the entry of heat willincrease 0 by //61, where 
H/ refers to the half-tide position of the water at time 
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ind sine 
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heal Adding the effect of cooling 


given equation (9 ind using subseripts to indicate 


the total net change in tempera 
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H exp) 
a 


10 
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rene! 


il the 


integrals 10) 
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mule 
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and f° the 
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the coefficient f 1 
equation n be 


by 


ray 
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— 
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with sufficient accuracy 


Phi 


culating 


equation 1s the that 


temperature 


om would now be used in 


the tuary 
end of the that 
iddition, cooling and displacement 
ited in effect simultaneously 


iny distribution 
it until nearly the 


it 
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howe work 

ot he 
tre 


iccurats 


and various 


at 


lorms ol equation 

is the method de 
ipproximations ha 
calculations, these will not have 
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coethoent ¢« 


were used one 


Neverthe 


introduced 


iT) 


id another 

while 
to the 
large t 


ve loped 


such 


must ve 


been suffi 
ilue found for the 
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When the displacement is less than 1 mile the summa 
terms in equation (11 


rr to invalidate conclusions 
this arts 


inish 
and the equation reduce 


becomes Z j 
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to 
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due to the the 

According to the repre 
sentation of mixing developed the 
sidered to be composed of water which lay within 9 miles 
rhe 


water 


Ihe 


water must now be 


change in temperature muxing of 
calculated 
above water 1s con 
on either side of the point before mixing took place 
the 


estuary 


contribution to the temperature at x, made by 


which mixes back from the section of the below 


this point is 


AJ’ .Pal 
9A», 0 


to distances from x, and © ts 
that is, as 


part 


where subseripts 0 reler 


the temperature distribution before mixing 
given by equation (11 rhe contribution from the 


of the estuary upstream ts 


msidered 
Putting A 
| P, the temperature increment after 


ind the contribution from the water that 1s « 


not to have 
IP; and } 


ing 1s then given by 


moved is @ | P Pp 
mix 


13 


Equation (13) (like equation has to be modified so 


that a sufliciently accurate numerical solution can be ob 


tained; the form that has been used is 


[teration Method of Calculation Under steady con 


ditions of tidal flow, fresh water flow, heat addition, cool 


ing and mixing, an equilibrium distribution of tempera 


ture along the estuary will be attained his distribu 


tion cannot be arrived at in a single calculation since 


the 0, of equation (11) is the 0) of equation (14); starting 
distnbution of 


of 1 


with any chosen temperature, applying 


mile throughout the 
found for @,*A 
and 


intervals 
estuary the 
reading off at the mile points to give values of 0 


equation (1! it 
plotting distribution 
using these values in equation (14) gives the distribution 
& that would be expected after a period of two tides 
under the conditions governed by the chosen values of 
fH, & 
times will give a distribution that is sufficiently close to 
the 
the same distribution will be approached whatever the 
but the 
distribution 1s to the equilibrium one the less will be the 
the 


it is clear that a single iteration 


Repeating this process a sufficient number of 
required equilibrium distribution of temperature; 


distribution chosen initially nearer the initial 


number of iterations required. From nature of 


11) and (14 
involves a very considerable amount of work when a dis 
the work 


equations 


tance of about 40 miles is being examined: 
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the 
There are two ways of carrying out these 


can be shortened by using intervals of 2 to 3 miles in 


early stages 
iterative processes: one is by the manual operation of 


automatic or semiautomatic calculating machines, with 
the operators making intelligent guesses as to where the 
final the 


many the other is to make 


curve will lie (and experience in work saves 


tedious iterations use of 


electronic computers, in which case the iterations may 
1 large number of times in a few seconds 
used in this work both were 
consuming-—for preparing the data 
for use in the A.C.E. at the National Physical Laboratory 


included punching holes in some 10,000 Hollerith cards 


be carried out 
soth 
very 


methods were ind 


tire instance 


The Laboratory's weekly temperature surveys did not 
extend far enough upstream to allow the curve for the 
the 
to start trom more 


distribution of observed adjusted to 
half-tide 


Bridge 


temperature 


' 


than 10 miles above London 
For the purpose of these calculations the estu 
ary has been considered to start at this point; the first in 
put of heat is then one at 10 miles above London Bridge 
and equal to the excess of the observed over the basi 
temperature, multiplied by the fresh 

that then that the 


calculated curves must meet at this point in the estuary 


water flow past 


point It follows observed and 


Vagnitude of It was stated, near the beginning of 
this article, that the average distribution of the observed 
temperature had been found for ten quarters of the years 
from 1951 to 1954 


sponding calculated distribution has been found by the 


for each of these quarters the corre 

methods described above In making these calculations 
that the 

estuary; 


assumed coeflicient was constant 


the 
for each quarter 


it was 


throughout two distributions were found 


one with 3.7 cm and one with 


15 em per hour. The observed and predicted tem 
peratures for the third quarter of 1954 are compared in 
Fig. 10. It ts that 
maximum, the agreement between the observed and pre 
that the coefficient of 
$7 cm per hour gives the closer fit rhe difference be 
very great 


seen except near the temperature 


dicted curves is reasonable, and 


tween the two calculated curves ts not and 


say with any 


the 


consequently, it is not possible to great 


iccuracy what is the most suitable value for coeth 
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Fig. 10—Comparison of observed average temperature distribution in third 
quarter of 1954 with distributions colculated for two rates of cooling 
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cent nav be nm that even if f were equal to zero 
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of the theory 
is now possible to cal 
the effect 
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of course. to 
the fresh 


necessary 
heat 
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know the rate I lars I and also 
water flow past eac 
Lnit Input ¢ 
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“rue iree sets of distribution curves 
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Fig. 11—Observed temperatures in the Thames Estuary during ten quarters 

in 1951-1954, compared with those which would be expected if no heat 

were discharged (basic temperatures), and those calculated from the heat 

discharged, assuming f 3.7 em per hour. The yeor, quarter and average 

flow at Teddington in million gallons per day are shown for each set of 
curves 
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Fig 
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Fig. 12—increase in temperature of the Thames Estuary thet would be 


caused by discharge of 10° Btu per day at various points. Flow at Tedding- 
ton 500 m.g.d. 
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Fig. 13—Comparison of effects of fresh water flow on distribution of tem- 
perature due to inputs of 10°’ Btu per day at two points in the estuary 
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reported in this pay ire the theory of tidal mixing and 


the use of the emp illy found bast 
that the 
ther estuaries f an estuary 
that 


temperature 


te mper iture 


is likely methods may be applied t 


is highly 


ertical yr idients of 


stratified 
there are salinity 
will 

study of the 
will be necessary, and 1 then mav he 


sible to ippls the 


theory require 


tion, more intenst ind long 
found 
methods o with s 


vccuracy For few estuaries will the data 


perature before heating was appreciable be 
the Thame 
not refer to a condition of no 


that the relation between the 


the basic temy 


il he iti 


but i course 


irtifici 


ir and water 


ne period when the 


was appreciably different from tha 


TEMPERATURE 


———> 8) 
Below 


MILES FROM LONDON BRIDGE 


Above | 


Fig. 14—Calculoted effect on the distribution of temperature in the Thames 

Estuary during the third quarter of 1954 (A) if there has been no discharge 

of heat from Battersea Power Station, and (B) if this heat had entered the es- 
tuary 20 miles below London Bridge 
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range in the distributio 


periods 1s also known 


Phe same n wods 1 »babiy 


is unlikely that a 


he appli d ce) 


water streams in this case itt 
ing theory wil ! I nce ag 


( Stratil 


iin there will be 


culties 1/ ppre bl briet 


ition (rie 


r 


value « 
in conjunction with 
Dhames, 1s pr »bably sufh 
iwhly, what figure should 


x which it 1s not practs 
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ance. Either the Recorder, Indicator 
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ASME Annual Meeting Highlights—Il 


N this issue we cr 
Irom 
ASMI 


successful meetings with a reg itiot ose to 


neluce ibstracts 


papers presented 


fleeting of 


Since this wa «iety's most 


00) 


ind 


overt 00) papers it was ob ibstract 


ill of the p 


1 
OUSLY inp 1D! to 


ipers presented 


Chemical Cleaning 

William F. Ashton and 
Engineering, Ine 
Cl 


Stanley 
collaborated on 


M. Rose, 


the 


SPumce 
Acid 
proble mM 
the 


tire power industry, 


paper 
Phe 


elements 


ining of Superheaters and Reheater 


ind reheater 
concerti | the el 


il ( le min 


many can 


auperhe iter 
iuthors begat ha 
is well as tl her contractor 


Chere ! been where ondrainable 


d using the 


il fill-ane uk I | but these cle 


superhe iter elements ha e heet cle ine con 


vento ore 
wb were 1 
the removal of all h 


dividual flushing 


ure unit ind entailed 


ind-hole « il in the headers ind in 


of each tubs Chis procedure was time 
consuming and, im man 4 
the 
that ivily fouled \ 
ulvanced, superheaters at rehe 
ill-welded 
idual flushi 
flow 
the solvent flow 
the 


For example i 


effective cleaning was not 


wccomplishe tit 


tubes im-generator 


iters were fab 


ited in an construction, thus eliminating 


inv possibilit t inci { elements 
The 


from the 


proceeded 


Inve characterists 
should 
il flow through the 


boi T 


stigation ol 


theory that is nearl 


is possible, ipproximate operatior 


unit to be cleaned million pph 
itely 


velocity 


flow ol IPpProxil 


+} 


> tt per 


would require a 2000 gpm with 


ipproximately | to through the 
illel element 
A he St 


ur and other 


par 


proved to 1} 
proved tf 


velocities ” effective im 
gases trom nonventable k 
fluid flow It found that 
of flow through the parallel elements was 
to anticipate far field results 

Both the mill s ad the 
operational deposits pose sey nm ! id 


The 


reconcile im\ 


sweepil t 
ind entrain 


” ] ss 


ing them in was distributior 


uniform enough 
or ible 
removal of removal of 


several distinctly opposite problems iuthors 


company launched a study designed to 
disadvantages in order to provide for one single method, 
which would be economical with regard to the 
utilized 
facts developed 

l With high flow through the 


pled to the solvent externally to the boiler, preheating 


type ol 


The St 


methods, and procedures 


equipime nt 


units, with steam ap 


could be accomplished regardless of what mill scale or 
operational deposits were present 

4 The 
hibited 
icids could be 


choice of acid two solvents. in 


Both 


und 


narrowed to 


hydrochloric and inhibited citric acid 


used safely with regard to corrosion 
erosion 


3 While it is the 


discuss the relative properties ol the two acids, it was 


not within scope of this paper to 
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it hydrochloric acid could be used for both 


] 


concluded th 


type ce being limited in its use 


to the 


| 
stainless steel 


posits to units containing 


only « bon steel, dus wroblem of chloride 


corTrTro 
sion 


CTACKING I! 


it boiler operating tem 
d that generally speak 


both ty ot det 


ilso conclude 


cid could be 


peratures was 


ing itr used osits 


lor 


but particular emphasis had to be placed on flow, higher 


ind time of the 
chelating abilitv of 


nondrainable areas 


temperature retention in 
the 
deposition in 
t It 
i Hi-Flo 
of both mill scale and 
following: Use of anv solven 
terial of 
method of high flow 


units 


dition, citrate would prev 


was concluded that a single method, utilizing 


technique, could be applicable for removal 


operation il deposits « xcept for the 


t would depend upon ma 


construction, type of deposit, and modified 


with the 
this background m 


hydrochloric acid 
iterial the 
detail their field « 


superheaters 


uSé ol 


Following iuthors ce 


<ribed in quite some with 


ible 


loops and 


kperience 


} 


both drain ind reheaters 


ent ible 


cleaning ty 


with nom pendant type unit 


William E. Bell, Charles Pfizer 


h Cl 


ind Co., then discus 
\k il 


difference between 


hemical with Citri Solutions 


illy, he d 


id ammomated 


ining 
iSCUSS¢ | the ciutri cid 


citric acid when reactions with steel 


volved 


past 1S months, many cle 


iron oxides are 

Within the 
with citri 
of these 


ining operatior 
icid-based solutions have taken place Most 
were inhibited 


citrine rcid 


using 


preoper itional cleaning 


Ammoniated citric acid solutions were 


Che 


ferrous 10n of 


used only a few instances to our knowledge 


steel, 


been compl tely 


reactions between citrate 1on and 


ferric 101 have not described in the 


technical literature, and when these reactions each tak« 
place at 
trol procedures and interpretation 
difficult It is a fact that the 


chem il more idly 


the same time, as during chemical cleaning, con 


f results can be most 
utility of 
thar 


rust 


citri 


cleaning 1s inced the sciet 


Mention of ammonium citrate for ind scale 


moval from ferrous metals has often ippe ired in 


literature ind over a period ol years, sorne 


ummoniut 
Loucks, Morris 
ind stated that 


citrate has been sold for this purpose 


ind Pirsh mentioned ammonium citrate 


further investigation of this chemical is advisablk 
Most deposits to be removed by chemical means in 
iles and oxides which contain iron in the 
state In the 
} 


acid solutions provides a reducing atmosphere which car 


volve s ferrous 


iddition slight but uniform, corrosion of 


reduce ferric ion to ferrous ion. Ammoniated 3 per cent 
pH $0-3.5) can be 
under such conditions without precipitating ferrous acid 
Citric 
conditions ¢ 
that 


not be 


citric colutions used for cleaning 


for cleaning under such 
used when it is known, 
solubility limit of 


The 


per cent ferrous iron 


citrate acid solutions 


in be or calculations 
the 


exceeded 


show, ferrous acid citrate 


will data presented show that 


this limit is near 0.40 
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At id 


Another advantage momiated citric solu 
tions is the lower 
Ability efficiency in di ving red 
to those of citric acid 


The 


interest in, 


orrosion of bare metal 


and rust are equal 


iivantages wl led to the use of, and 

citric acid obtained in ammoniated 
chlori 

cracking and low tox: 


In closing, the 


citric acid——no to lead to stress-corrosion 


iuthe ted that thev are especially 
«periments which that 


solutions also react with opera 


interested in continuit show 


ummomniated citric a 
tional magnetic iron-oxide deposits 


more quickly and 


completely than citri lutions 


Corrosion Control in Furnaces 


onsored by the Corrosion 


ind Deposits Committee and all three by the 


In several sessions ' a) | 


Fuels 


Division, the perplexi blem of corrosion attacks in 


the various boiler hea insfer components was dis 


cussed. We 


convenirence 


group the papers in this one report for 


sake 


W. D. Niles and H. R. Sanders, Esso Research and En 
present the paper “‘Reactions 
Constituents of Heavy 


gineering Co., teamed up to 
of Magnesium with Inorgan 
Fuel Oil and Characteristics of Compounds Formed 
Che authors stated at the outset that high-temperature 


corrosion caused by trace quantities of metals together 


with sulfur is a continuing problem in heavy-fuel-oil 


operation, particularly in new high-temperature steam 


boilers and gas turbine Chis problem has been at 


tacked 


such as magnesium, which react 


with some success in recent years by additives 


with corrosive metals 


to form relatively innocuous compounds For especially 


severe conditions, water washing has also been used to 


remove light metals such as sodium 


however For 


udditives gives considerably 


The present solutior ire not ideal, 


example, use of magnesium 
increased deposits. Also, there are a variety of questions 
still outstanding concerning the 
| job under various conditions, 


idequate 


additive concentrations 
needed to do an 
the importance of sulfur in high-temperature corrosion 
effect of metals in the fuels other 


and deposits, and the 


than those known to be rrosive 
Ihe authors believed the best key to an improved in 
sight into these problems is a better understanding of the 


basic chemistry of the sodium-vanadium-magnesium 


this end, a research 
Research. 
lata on the 


work on the magne 


sulfur systems involved pro 


gram was undertaken by Ess: This involved 


checking available literature sodium-vana 
dium-sulfur doing new 
sium-vanadium-sulfur system, and studying the 


Based on the 


system 
physical 
behavior of the compounds formed. 
thus obtained, prediction could be 
likely t be 


check 


knowledge made of 


formed under commercial 


this, actual boiler and 


the compounds 
operating conditions. T 
gas-turbine deposits were analyzed and the results wer« 
compared with those expected 

rhe work confirmed that three different sodium van 
is of sulfate 
concentrations of 
With this 


presumably be 
fuel if 


idates are formed in reactior sodium and 


vanadium pentoxide depending on the 
the reacting ash 


sodium and vanadiur 


knowledge, deposit compositions can 


predicted by knowing the Na/V ratio in the 
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sodium and vanadium are the major metals in the fuel 


rhe corrosion properties of these compounds are quite 
different 
Analyses of deposits taken from units operating with a 


magnesium additive have shown various magnesium 


formed in the reactions of magnesium with 
However, a knowledge of the type of mag 
ortho) which will be 


formed under any specific set of conditions had not been 


vanadates 

inadium 
nesium vanadate (meta, pyro, or 
obtained 


In this study, magnesium oxide and magnesium sul 
fate were reacted with vanadium pentoxide in the same 
manner as described for the 


rhe results showed that the equilibrium com 


sodium-vanadium-sulfur 


svstem 


pounds formed in the reactions depended upon whether 


the sulfate or the oxide was used as a reactant 

Analysis of commercial burner unit operating condi 
tions, normal sulfur concentrations in fuels and typical 
sulfur to SO that in almost all 


suc h as as 


conversion of showed 


units operating under pressure, turbines, 


SO; partial pressure is sufficient to cause sulfation of 


Units operating at atmospheric pressure 


magnesium 
may or may not have sufficient SO, partial pressure to sul 
fate metal 
temperatures 


It is concluded that one of two possible magnesium 


magnesium, depending on the operating 


vanadates is formed in deposits depending on the SO 
partial pressure The pre diction of de posit compositions 
this statement makes was verified in three field installa 
tut this simplified prediction of deposit composi 
the binary sodium sulfate 


tions 
tions from the reactions of 
vanadium pentoxide system holds true only when these 
are the major ash components in the fuel 

Some fuels have ash components other than sodium and 
vanadium which are present in relatively large amounts 
Some of these metals will react with vanadium leaving, 
in effect, a higher Na/V ratio, which will alter the Na-V 
compound that should form 
more 


fuels have been recognized to cause 


severe corrosion in critical boilers and gas turbines than 


Some heavy 


In most cases higher corrosion rates have been 


a fuel or a 


othe rs 
attributed to either 
favorable 


sodium in the 


a higher ash content of 


relative concentration of vanadium and 
Buckland and others found that in 


pe n 


less 
ash 
and vanadium 
1450 F 
when the vanadium 


mixtures of sodium sulfate 


high-temperature 


binary 


toxide, ibove corrosion of 


stainless steel increased markedly 
pentoxide content was raised to 66 wt per cent or above 
Jelow 50 per cent vanadium pentoxide, the mixture was 
only slightly The authors 
study agree in general with those obtained by Buckland 
V/Na maximum corrosion 
occurred was slightly higher 

Many steam boilers operate with metal temperatures 
below the melting point of the sodium-vanadium com 
pounds while gas temperatures are well above these melt 


These compounds would strike the surface 


corrosive results of the 


although the ratio of where 


ing pomts 
as a liquid and solidify, passing through the partial melt 
phase. In this case, deposits would not be expected to 
reach an equilibrium but would continue to grow 

[The magnesium metavanadate was found to be much 
lower melting than either the magnesium pyro or ortho- 
vanadates which are formed at equilibrium. It proved 
as low melting, in fact, as any of the sodium-vanadium 
This has the following 


compounds metavanadate 
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initial melt 
of the 
| 


intermed 


melting characteristics unter, 790 | 
1240 F ind final melt, 


quired for the reaction to 


OO | Because time re 


pro d trom the tate 


compound to either of the 


intermediate would be expected to exist in significant 


concentrations on the surfaces ex] | to combustio1 


gases Because of the reactior required for its 


disappearance and its low elting characteristics, 1t 


was concluded that this interme ound 1s ver 


likely responsible for the exce found when 


i magnesium additive ts used 


W. F. Cantieri and 


Specialty Corp., 


R. E. Chappell, Diamond Power 


supplied a pap Spravil 


Oul-Fired 
getting 
fuel 


lurnace 


for the Control of Corrosio1 
Boulet Chere are basically tl hods of 
the additive into the boiler; nar it with the 
ject it through the 

the tubs hroug! ot 


burner r pot in the 
blows TS of 
the iuthors 


slurry 


investigatsl 1 ! ppli ) ot 


praved additives to oil-fired which h 


been performed over the et 5 im <¢ operation 
with the Florida P 
\ table wa pre 


been rel 


wer & 
sented 


which have 


boiler 
widely re 
tor report 
onto the sla 
haat 
that som erse 
burning of oil in at 
burning 
vdiditive 


during 
heve that 
with the ash 
on the 

When 
of the fine p 


tubes 

iar dd 
irticl round 
the tube mstead true 
sh, onl 


tubes Cherefore 


wasteful procedure with spray 


soot blowers has convit 1 tl tho l 
other hand 


leaving a nozzle, 


t water drops 
ifter 


on the iporated 
ippreciable S17 


lor quite a distances ixing the 


ditive with water 
water drops to the 


} 
l »< 


enoug 1use it 

the gas around it \s 

of the 
Water 


tubes 


vdditi emay ulabl 


slurries ol 


to prove this theory 


was more tnable than unt 


removed bv soot blowers 


was reduced to about th ported | 


stigators As a g il starting with 


boiler, a slurry application rk lav is sufficient to 


control the deposits he normal soot-blowing 


untained 


slag 
schedule is m 
After the 


boilers 


had been ce 


months 


slurry-spraving 


veloped, were oper using a 


48 


equilibrium compounds, this 


slurry sisting of lb of calciun 


nesium oxides per gal of water 


heating surfaces 


ipplhied on 


xaminatior showed 


treated with slurn 


1 period of hours fror 
he boiler Ssurl ices 
floor was 


m the furnace 


pebble orm at I [> bles lid not Tuse together 


rehe 
little 


Deposits iters and iters wert 


form of which had 


which had beet with slurry 
nately 50 1 ! 1! in water 

Power and Light rey general 

superhe iter and reheater hangers 

high metal 


irt low 


temperatures, ithe 


ited in the high-temperaturs 


ZO 


ceive the degree of protection from slurry spr 


vent deterioration in the course of time 
in reduce corrosion, as the 


boiler designs using higher 

ind tube-metal temperatures may be possibl 
that the 
held 


retracti! satu 


itures 


he future Further, it is believed thermal 


vy Slurry sprays can be it or below 


il o normal long 
Lastly it was 1 
ce veloped 


mum olf 1 


reportes 
been 


with a min 


R. Kato and 


furnished a report on 


B. E. Paris, Foster Wheeler 
Effects of Ammon rye 
Recent 
iddition of 


Corrosion 1 Preheaters 


Britain uv d that the 
flue ¢ munimiz ur-preheater oil-fired 


bouler \ \ of these the 


corrosion i 


tests reported in thi 


per were | letermine the feasibility of 1 


pertormes 


jecting ammonia int i large pulverized 


coal-fired boiler to minu wrosion in the air pre 


heater Durit which were of 


}O-ha 


} 


duration, tl be maintaine it constant 


Tul were v1Vvel 
Low-temperature pulverized 
val-fired 


it S40 psig and ow the fe 


nerating 520,000 Ib per 


isibility of 
low-tem1 iture corrosion by addition of 


] 


pulverized coal containing sulfur results in cor 


1 of sulfuric acid on steel whet 
falls below 300 F Phe 


metal 


the condet 


satior 
etal-surtace temperature 
corrosion depen on the temperature 
| ilues 


] t< low 
betwee 50 1) F It 


ibov ind 


of ammonia into the flue gas reduces the cor 


rosion rate to negligible ilues above 150 F, but does 1 


noticeably affect the corrosion below 1L5( 


Based on the present cost of ammont 


reported herein, the injection of an 


ipproximately $0.50/ton of coal fired 
The cost for the 


System in a 


installation and operation of 


monia imyection 2,000,000 Ib of am /hr 


operating SOOO hr, vear ipproximately $50,000, vear 
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ipproximately $10/ton of 
perature can be lowered 40 |} 
Save if} 


m system will 


1¢ to increased thermal ef 


to any savings due t 


nd less air-preheater r 


Handling the 

Ash Corrosi presented by 
Dowell, Jr. Mihalisin, The 

Nickel ) I 1 be treated, the 

odium, and sulfur 

t of the tre 


ipproach 


Fuel-Oil 
D. W. Mc- 


International 


were 


iuthe rs re 


the cos iting 


from furnishing 
problen If the oil is to be 
1 ited at the 
igents In 
However mal 


ir, it mav be tre 


t these corroding 


| 
implied 


by tanker with the of 


corrosive constituents 


se of the 
d in the 


protective 
Se lection ota 
it simular to those S0CI 


lloy 


igent 1s operating 


corrosion-resistant 
rroding 
protective 


coating 1S sim 


igents multiply, the sele« 
\ further problem i 
tion and the 


such in 


related 
temperature 
most applications 
ents used for coatings art 
time the 

d Phe 
problems of 


protective char 
temperature 
idherence of 
use ol protective coating 


in the range from 1000 


uccessful solution to the 


itives to oil The primary 
use the it of the 
um value it should have all 


fusion pow 


I chemically with the 


vi Ti¢ 


ulfur, sodium) to produce 


estimated cost 


maximum 


tation boiler) to $0.04 


i\ ul ible 


lecular we ight 
idditives function by 
rat the 


| weight 


1¢ lower the 


tl iwctua 


me isily introduced into the 


slurry it should not cause 


cause clogging of nozzles 


all the 


certain 


illoys in the system 


udditives have re 
nickel teel 


muum-—20 but 


sitions 
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Mg, Ca, Zn, 
with not much 


Generally speaking, the compounds of 


P ind Al have 


gener il oT 


been found most effective 


specific agreement among investigators. For 


example, in some studies aluminum appears to have been 


Phe 


which is 


an eflective 


effectiy 


in other, ineffective order of 


agent, 


eness changes with not 


temperature 
effectiveness of a 
to the stability of 


may 


too surprising because the relative 


group of additives must be related 


their compounds, the order of which change with 


is usually 2-4 
sulfate of the 


temperature In these residual oils there 
per cent sulfur, so during combustion the 
metal 


If, through design 


idditive 1s formed 


changes, the temperature of con 
tinual operation of critical parts can be maintained below 
100 F the situation will be improved Moreover, there 


is some experience which indicates that with improved 
draft more of the harmful deposits can be carried through 
ind out of the 


parts operating at 


System 


high 


Less deposit will reside on the 


temperature and less corrosion 


expenenced 


will be 
Phe Nickel Co., In in 


with numerous compani 


International cooperation 


operating Steam power stations 


that were to fire their 
racks 
illovs 


Also the 


high temperature was 


quantities of bunker C 
test 


using large 
boilers, exposed 14 high-temperature 
of heat 
was 
were held at the 


controlled but the 


con 
Che 


time the 


taming a wide variety resistant 


maximum temperature ined 
specimens not 
boilers underwent what was considered 
normal boiler operation except where six racks were ex 
viditives were used to 
Results of these 


higher chromium 


posed in boilers in which 
inhibit the 
full-scale tests 


contents in the 


irious 


CXCeESSIVE corrosion rate 
need for 


illoy 


iru 


do indicate a 
heat-resistant 
tests illovs which have 


The 


and had a 


Crucible were run for 


been considered for gas-turbine components 
specimens measured i! x in. , in 
Phe svntheti 


ind SS per cent V.0 


machined finish ish mixture 


NaS, 


COTTOSI VE 


was » per 


cent which 1s considered the 


most combination of these 


particular com- 
O00 I lor 
The technique 


tests by 


pound The test conducted at times 
OO hr in 


here was to 


wer;re 


up to tagnant air atmosphere 


formed in the sand 
Phe 


plotted ersus 


remove the “ ile 
then 


cent loss in weight 3 


blasting and reweighing data in which 


per 
indicates an 
illoys to 
shown 


tine 


order of merit based on the resistan of these 


this type of 


i 


ittack Such ¢ ilu } I e been 
to correlate closely with service « 

Che 
screening alloys for 
Phe 


tests re 


crucible test has been valuable in 
fuel-oil-ash corro 
Na SO.VAX0) 


while 


resistance to 
that 


on 
s described indicate crucible 
ult only 


i sulfur-bearing gas 


studi 


in accelerated oxid combina 
fuel 


ind 


ition 


tions of ind molten syntheti« 


oil i h 


ulfidation and more 


constituents result im combined oxidation 


nearly simulate service experience 


role of ‘Dewpoint Meter Measurements in Boiler 

Flue Gases’’ was covered by A. W. Black, C. F. Stark, and 

W. H. Underwood. The Air Preheater Corp. There 
1 ’ 


has long been needed in American furnace operating 


practice a practical means of rapidly measuring the 


tendencies of fluc gases to form de posits of fly ash or to 


cause corrosion in such heat-recovery equipment as air 


Such a 
would permit a nearly instantaneous determination dur 


preheaters and low-level economizers means 
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ing furnace operation of the effects of various changes of 
fuel and British 
particularly Corbett, Flint, and Littlejohn, reported their 


operating procedures investigators, 
successful use of 
by the 


Association 


a dewpoint meter which was designed 
staff of the British Coal 1 Research 
rhrough the use of this they 
temperatures at 


tilization 
instrument 


and others have discovered that the 


which the dewpoint meter showed high acid-condensation 
rates were more than the 


significant dewpoint tempera 


ture itself in assessing the corroding and fouling properties 
of flue gases 
Since Nov 


been made of the 


ember 1957, dew] t-meter measurements 
fluc 
in the I 
At present there is not 

rate of fl 
those installations of 


uch deposits are formed the 


have n different cen 
tral power Stations 
ulabl ny adequate method 


for measuring the ish deposit accumulation 1n 


ur prehe iters In ur prehe iters 
where preheater draft loss 
increases Over a period of time until preheater washing is 
necessary, thus a con index is the fre 
it which the 


In practs« il operation ol 


emnent practi il 


quency ur preheaters need to be washed 


ur prehe iters, corrosion ol 


the cold-laver elements is of economic significance in a 


small minority of steam plants Fuels or operating con 
likely 
When me 


| 


‘ eposit 


ditions which will cause corrosion are ilso to cause 


heavy wccumulation of deposit sures ire 


taken to minimize the accumulation 
these 


heating 


nuisance ol 


Same measures will usually minimize corrosion of 


elements However, when the fly-ash contains 


large quantities of free sulfuric acid, corrosion of the el 
ments will be rapid 

For conventional fuels when the average cold-end tem 
of the 


the dewpoint meter and the 


perature is above the temperature maximum con 


densation rate me sured by 
is low or medium the rate is 


When the cold-end 


temperature of the n 
| 


condensation rate corrosion 


negligible iverage temperature is 


below the laximum condensation 


rate and the rate is medium or 


cold { nd he 


maximum ensation 


ible 


com 


high, notice corrosion of iting elements 
eccurs 

lo control the rate of deposit or corrosion in air pre 
heaters it has long been common practice to prevent the 
iverage temperature of inlet air and outlet gas from fall 
rhis 
practice has been generally satisfactory especially when 


cold end 


has been adjusted for each installation upward or down 


ing below an initially recommended minimum 


the minimum allowable average 


temperature 


Occasionally it 
cold end 


ward as operating experience indicates 


has not been prac tical to mmcrease the iverage 
temperature sufficiently to avoid troublesome deposits or 
corrosion 

in boiler 


iver that a decrease 


load decreased the rates of acid condensation 


It was interesting to disc 

Generally boilers in which there is no slagging have the 
lowest rates of deposit buildup in the 
of the 


formation 


ur pre heaters 


Conditions on the exposed surface slag also appear 


to influence the rates of acid 


M. Weintraub, S. Goldberg, and A. A. Orning, U.S 


Bureau of Mines, added to the proceedings their paper 


Reactions in Furnace 


certain heat 


Sulfur 


corrosion of 


A Study of 
External 


Deposits 
transter surfaces in 
issociated with adher 
sulfur 


sul 


high-pressure, coal-fired boilers is 


ent deposits that are rich in alkali metals and 


These elements generally ; combined as normal 


50 


h as 


fates, pyrosulfates, or more complex compounds, su 
potassium ferric trisulfate 

amounts of coal 
Phe 


mpinge 


These deposits may contain various 


ish, and they may be overlaid with ash and slag 


mav be found on tube surfaces in areas of flame 


ment, principally furnace-wall tubes, or on superheater 


ind reheater tubes. Compounds in these deposits are 


Phe 


sion of the 


responsible for bonding ash to tube-metal surfaces 
dat that 
metal of such surfaces is significant whenever conditions 


Sit to 


evidence to also indicates corre 


ire favorable for the compounds in the dep: become 


When a liquid phase is present, metal in contact 


ittacked 


liquid 
with the 
The 


in the coal 


liquid will be 
sulfates found in the « 


I he y 


combustion, or of re 


leposits do not occur as such 


must be the result of chemical reac 


tions during wctions between 1m 


mediate products of combustion and compounds pr 


viously de posited on the metal surfaces 


The present investigation by the Bureau of 
I 


ish and 
of sul 


ras Was ob 


between samples of fly 


r 
flue gas The 


ish when exposed to svntheti 


fly ash was placed in a temperature 


to study the reactions 


compounds of sulfur ibsorption 
fur bv fly 


served both when the 


fluc 


gradient and when placed in a constant-temperature zon 
Che temperature gradients used were like those found in 


ish lavers on boiler tubes The observations, at constant 


ish, gave comparative data 


temperatures with the same 
so that the effect of the 
determined. Oxides of 


temperature gradient could be 


sulfur were supplied in the gas 


stream. Other compounds were limited to those in the 
fly ash. Results obtained 


cated what further work should be done 


under these conditions 


fly ish 


t-temperature 


sulfur absorption by 

Phe constat 
tests showed low absorption at temperatures below 
KF Phe 
the bottom 


rhe experimental data on 
it first seemed contradictory 
10) 
gradient tests showed maximum absorption in 


layer where the temperature was cert unly 


below 1100 F since this laver was thin, was protected by 
ind rested directly on the metal sur 


The 


when it was assumed that the oxidation of 


the overlving ash, 


face at 700 F contradiction no longer appeared 
sulfur dioxide 
cat ily S15 


A de 
| 


issummed to ex 


to trioxide was catalyzed by the fly ash The 


was observed in the constant-temperature tests 


creasing rate of the catalytic reaction was 
plain the low absorption of sulfur at temperatures below 
1100 F 
oxide in the gas explained low absorption at temperatures 


1100 F 


Decreasing equilibrium content of sulfur tn 


ibove Since the laver of flv ash in the gradient 
tests was exposed to radiation at 2000 F and rested on a 
surface at about 700 F, temperatures about OO F must 
level in the Phe 
oxidation of the sulfur dioxide reached the highest levels 
tests Accord 
ingly, a comparison of the data showed that the maximum 


absorption was the same in both the gradient and con 


have existed at some laver catalytic 


attained in the constant-temperatures 


stant-temperature tests 


Certain facts indicate that sodium and potassium are 


combustion 


iS oxides or hy 


released from the coal ash and carried in the 


products in a volatile form, possibly 


droxides. These compounds may diffuse through the ash 
layer and react with sulfur trioxide at the site of deposit 
Therefore, hindering the oxidation of sulfur dioxide to sul 
fur trioxide in the gas stream would not be effective ur 

catalytic oxidation in the ash laver also 


less the was 


hindered 
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Wharton Nelson, Kreisinger 
bustion Engineering, Inc., pre 
ind Re 
\ pre 
field 
ide corrosion of reheater 


Carl Cain, Jr. 
Development Lab 
nted the pay f Superheaters 
Fired Boilers, Il 

of laboratory and 
s in modern pulverized 
iron and/or aluminum 
formed in fireside ash 
when molten on tubes 


950 F The 


sh de posit to tube 


molten 
metal 
gradient existing im the 

ge for this rapid liquid-phase 
unt of the 

4h) their thermal 
1300 F Pres 


mixture 


hy 1025 
x together with metal tem 
ire both necessary for rapid 

echanism Stainless-steel 


es effectively prevent cor 
of the shields 1s above 


ol the Mt 


ture 


or formation 


process have ce 


\ ntunued u I rrosio.! 
| i | 


oped neerning the temperature 


boundart rrosiol t nd methods for distinguish 


hquid ittack on low-chrome 


1 
ile 


with temperature « 


m1 


complex sulfate 
crease in temperature 
1, and no more 
weratures 


| ten 


ty 
issurnes the co 


iu! ind potassium py 
etal, would be expected 


roducing a second corrosion 


ther corrosion peak might be 


sodium and 


the normal 


peak curve would result 
e found on heat-transfet1 
i.e., from water walls 
high-temperature 
ecur only or 
regions 
laboratory to 
each of the other 
ata 


sulfates 


lower rate 
Potas 
ire in the absence of sufh 
to metal 


rrosive 


t, corrosive range, and sul 
ili sulfates 


pound has its characteristi 


graphically 


were 
rroséM my itur range 1.4 range in which it is 
olten elting point and stability of 
these com] with increasing sulfur content 
The shaded ar f the pyro and trisulfate ranges show 


the extensi 


gained 
of sul 
iulkali 


tvpes can 


stability which can be 
i high partial pressure 
he various kinds of 


different 


in an atmosp 
; 


fur trioxide 
sulfates of a particula pe or of 
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for initial attack 
the temperature range of liquid-phase corro 


greatly lower the 
Further 


sion varies to 


temperature 


i great extent with composition of the 
Similarly a variation of the 
iffects the melting point of the 
Variation of the 
changes in the 


liquid phase sodium-to 
potassium ratio greatly 
sulfates in an ash deposit 


effected by 


omple x 


rate is lkewise 


corrosion 


sodium-to-potassium ratio 


Sulfide ire produced by the corrosive reaction of 
molten complex sulfates on metal and frequently sulfide 


More 


surface carburization of tubes in the zones of highest 


penetration into the metal structure 1s observed 
over! 
corrosion has sometimes been observed even though car 
low Che effect of this carburt 
effect of sulfice 


separated from the 


bon in the fly ash is very 


zatior sumilar to the penetration, in 
that grains are 


ind the corrosion rate 1s 


prematurely metal 


suriace increased 
Che use of shields for eliminating liquid-phase corrosion 
Operation of these 


1400-1500 F 


was discussed in the 
PP-304 steel place s 
their ten ibove the ulfate 

ind below their rapid gas-phase-attack 


previous paper 
stainless shields at 
perature molten complex 
lormation range 

ind, hence, no appreciable corrosion of the shields 
Shielding is still the most effective means known 
ittack 


Theoore 


ranye 
occurs 

No corrosion ot 
than three 


to eliminate rapid liquid-phase 
ilter 
cervice 1n several boilers of up to 1050 F 


shields has been observed vears ol 
Steam tempera 
At scheduled 


shields dislodged due 


ture, and tube attack has been eliminated 
replacement of onlv a few 
to faulty 


sary Such replacement has av 


outage 


blowers and /or welds has been nece 


to soot 
eraged less than | pet 
cent 


Remedi 
upon the 


isures for alleviation of corrosion de pe nd 


ittack < 


il Irie 
corrosion toth liquid 


black 
hence it 18 eas 


type of jusing 


ind gas-phase corrosion produce iron-oxide scalt 


to contlus 
steel 


the u nate end product 
Rapid 


superheater 


two type corrosion of stainless used 1n 


finishing ilmost always the 
littl 


wecessar©ry 


ind reheaters is 
ittack 


remedial measure 


result of liquid-phase and here question 


irise i to the 
ferritics, on the other 


Low-chro 


t 
I 
} 
I 


mium hane ire always used at 


; closer to their much lower gas-phase-scaling 
limits With these allovs, 


ittack is extremely important in 


medial measure 


temperature 
temperature determination of 
the type of 


ipply the 


order to 


proper re 


Water Treatment 


yaper session offered a variety of subjects per 


| 
taining to the treatment of water in general or the equip 
ment emploved or affected by this treatment 

Che Relation 
by Frank Urbane Neat, Baltimors 
highly illuminating 


ratio of failures to total boilers under any one 


soiler Cleanliness and Feed 
Gas and Elec 
statement 


jetween 
water 

tric Co 
that the 
treatment remains equal, or nearly so, under all the vari 


contained the 


ous tre amines, et 
championed by those operating power boilers Mr. Neat 
then proceeded to sketch the thinking and the different 


views on the ummonia, volatile alkalies, dissolved 


itments-—caustic, phosphate, 


role of 
oxygen, copper, and welds and welding rings 

If we now have three conditions which are not causes of 
corrosion but are merely coincident, what, then, said Mr 
Neat, are the causes? Actually, he there are 
two causes each of which requires certain conditions to 


The 


believed 


exist First is generally termed ‘‘steam binding 


51 





could be usec 
0.006-1m ; let ‘ hicks ' | carbon-droxid 
the iron content « il cid | h The water 
transfer surface which varied 
been sé il effort <plar on o frequently fre 
the depositior hnson and Kehm As there w 
it wa 
r the circu 
test runs in 
iwccumulated over 
The height of the 
the Raschig ri 


iSsificats 


it the deaerator « 
with a water seal from the 
nples were taken re« 
pipeline extending fre 
erican Power level 
ite the effect of disso f ! niou leat For the solutior 
rrangements ( rie ua 0 tion « election of i require 
the importar uch 3 ill 1 ognized by uggested procedurt 
power-plat 1) wa he mot iti hat p col nsabl 
urement 
li-purity 
the pow 
there 


itter of quandary 


Robert H. Pell, \lor 
n ‘Performance 
The Rivesville I 


i] ibility ot 


t temperature 
linig hell 


trouble nm the 


ta 


Furthermore, long ago 
, ; ~ _ 
teel cor ld he protected witli! tean 


} ] ' 


, st 
hould have started wheel . 


Westir 


until the supercriti 
} slay tv 
turbine we ¢ luati 
thru t ~hye iess steel tubes were 
nductivity 


A. W. Kingsbury and E. L. Phillips, T! 


their paper ‘““Vacuum Deaerat 


the cold-water vacuun 
in the treatment of industri 
rases which n 


process or be responsible for co 


ly of the operating characteristi 
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ill of the measuremet 


r the stinless steel was 


fit better 
f Efficient Air Prehe 
M. K. Drewry, \\ 
paper 
city 
temperature 
benefit 
iS ¢ 
in ther 
potential 
linited 
combustior 
of feedwater 
portantly, howe 
rases 1 tuncthiol 
iting of tes 


commo!l 


urer s standards recom 
gas outlet tet 


TVVITLATTIUTT 


ppears the 
rature planned for mat 
perature presently im 
wtion Steam air pre 
ol prehe iting 
minimum full-load 
practi il munimum 
momizers 


} 


washing, are other 


Flue-gas neutraliz 

oid cold end corT 
most practs« 

mditions of each 

the fuel being burned 

itures accentuate cor 

Ex nence ol the 
nt air preheating 
the effect of « 

plant component 

r and air heating 


turbine exhaust 


ifficult problem as ultimate 


LS ( ipacities oar 


for reduced cos 


taket 
water facilities whet 


ihary condensers that 


( onde msil 


water Ior 


be largely justified o1 


ir higher than needed to 


e air heaters acceptably 


team air preheater 
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capability 


draft fas 
recire 


com 


? 


times the development of valuable peak 
economy, plus long life of 
enerative air This avoids the 
flvash-laden air, with the forced-draft fan 


problems that such recirculation 


maximum 


the reg heaters need of 


j 
lating 


ind unbalance 


Steam air preheaters increase steam flow 


imuses 


the high pressure turbine blading for the same 


output, improving turbine efficiency in_ the 


nner as extraction feedwater heating Precise 


parison with alternatives cannot properly omit 


these several aspects 


Outdoor boiler plants require more air preheating than 
thus 


cheap heat in combustion air 


loor units, iffording more opportunity for 
Compared with 
ur recirculation, power savings can be realized if 

ur preheaters expand the air after the forced 
Air heater leakage is not enhanced, as with 
ur-inlet pressure lo make 


ill these factors de 


the sts 


higher exact 


ulation 
irginal conditions 


irisons tor m 


serve ¢ iluation 


Mr. Drewrv then described in considerable detail stud 


Unit No. 5 


ur preheating with extraction steam seems to 


to his company Oak Creek 
worthwhile economies, especially with midwestern 
In the example cited confirmed closely by ope it 
idditional investment is 
thar 


the estimated net 
gs in slightly I 


nence 


ivin two vears 


Melvin D. Engle, Pennsylvania Power and Light Co., 
cussed the new plant operator's headache, Conden 
Water How Does it Affect the River? Elsewhere 
issue (p. 37) COMBUSTION is publishing one of the 
studies the British have had underway for some 
1956, the Lehigh University Institute of Re 
earch under the direction of F. J. Trembley, Professor of 
Ecology Delaware 
River near Martins Creek, Pa., on the effects on 
of the 


Sines 
has been conducting research in the 
iquat« 
condensing watet 
Electric Station of the 

Some of this work wa 


ulting from the discharg« 
from the Martins Creek Steam 
yivania Power & Light Co 
COMBUSTION, Nov 1 IS is 1t was an 

ESWP Water Conference in Pitts 


life re 


nounced betore the 
burgh 


The fe 


the research done 


general conclusiot v drawn from 


it th location 


llowing 

Che condensing water entering a river from the di 
charge canal of power station usually spreads out on the 
er unless rapids or other 


surface of the ri 


obstructions 1m tl 1 aus mix with the river 
water Che temperature of the water at the bottom of the 
usually not 


he distance 


iffected 


downstream from the power station 


the surface water returns to normal, will 


river 


ith ilmo t every lo« ition al d depend upon “) 
iriables that no general statement car be made 


[he botanical growth in the river 1s not 


i small triangular area 


iffected 
tarting at point 
discharge canal enters the river 

chemistry of the river water is not affected 


mall 


ilar area starting at the point where the discharge 


for a small reduction in oxygen content 1n a 


The loss in oxygen content 1s 
iffect the 


enters the river 


us enough to adver ely squats life 
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ibility to stay out of as the 


of the 


» Fish have the 
river 
liking 


ie There are 


where the temperature water is not to their 


no fish kills in the river resulting from 
the discharge of the condensing water to the river 

7 In the late fall, 
congregate in the warm-water ars 


winter, and 


is of the riv 


fish 
er caused by 


early spring the 
the discharge of the condensing water to the river 


8S. Fishing is best in the river a short distance down 
stream from the place where the condensing water enters 
In fact, in 


only 


the river, except for the hot summer months 
the late fall 
location in the river where there is any good fishing 


winter, early spring, and this is the 


om) rhe good fishing season in the river is prolonged as 
a result of the discharge of the condensing water 

10. Overall, fishing in a river is improved as a result 
of the discharge of condensing water to the river 
1] Local conditions govern the aquatic effects result 
condensing trom a 


ing from the discharge of the water 


Until more complete information 


should receive indy 


power plant to a river 


is obt uned, eat h« ist idual study ind 


treatment 


S. ya Kowalski, Philadelphia Electric ¢ o., deseribed 
the ‘Ventilation of Eddyston An Approach to 
Ventilation of Sta 


tions 


Station 


Modern Steam-Electric Generating 


Eddystone Station, with its large coal-fired steam 


generators, turbine-generator units, maze of steam pipes, 
large number of feedwater heaters, various large motors 
and hot ducts, emphasizes the problem of heat relief in 
heat 


controlled 


sources ol 
il not 
will provide an extremely hot plant in which the operat 


steam-electric generating stations Phe 


are many, are widely distributed, and 

ing and maintenance functions become generally difficult 

and, in localized plant areas, may become impossible 
rhree 


combination to 


methods can be employed either singly or in 


provide comfortable temperatures 


rhey are (a) general plant ventilation; (+) spot ventila 


tion at selected work areas: removal of heat at the 


source to prevent its entry into the plant An analysis of 


the design considerations of Eddystone Station was used 


to illustrate how these three approaches can be used and 


further provide design criteria for determining the 


umount of ventilation required for steam-electric genera 


ting stations 


Donald R. Baker and Howard A. Shryock, The Marley 
Co., combined talents on the 
Approach to the 
As they explained, the 


p ip r 
Analysis of Cooling 


\ Comprehensive 
lower Perform 


ance generally iccepted con 
tower 


His 


transfer 


cept of cooling was developed by 
Merkel in 1925 
latent heat 


enthalpy potential as the 


periormance 
inalysis combined the sensible and 


into an overall based on 


process 
driving force \ number of 


used by the au 


assumptions and approximations wert 
thors to simplify the development of the final equation 
Accuracy is sacrificed as a result of these assumptions and 
approximations but modifications may be made in the 
application to minimize the extent of the resulting errors 
to the 


ment of the basic equation in order to see how it is applied 


It seems desirable iuthors to review the develop 
to both cross-flow and counter-flow towers, and to under 


stand how the calculations may be moaified to increase 


the accuracy 


54 


Recently several of the items which constitute 


axial pump have been 


This 


considered both analytically and 
inalysis “‘An Investigation of 
Axial-Fow-Pump Design’’ by Y. K. Gayed and S. Mik- 
hail, Cairo University, found the method of 
1erotoil results obtained over twenty 


experime ntally 


design is 
still based on single 
years ago, modified perhaps by more recent tests on thin 
hydrofoils. A procedure which pieces together the results 
of investigations on blade cascades as affecting the duty 
ind the speed limitations set up by cavitation is still 
lacking. It is to fill this gap, at least in part, that the 


present paper is made 


since the National Aeronautics and 
NASA 


( ompre SSoOT 


Ever pact Ad 
efficient 


potential of high 


ministration first demonstrated an 


transoni that realized the 
flow and high pressure ratio, there has been intense a 
this discovery Private industry 


NASA, have 


amount of effort toward widening this 


tivity to capitalize on 
and research organizations, including the 
devoted a large 
field. The principal function of the paper 
lights in the Development of the Transonic Compressor 

by R. O. Bullock, AiResearch Manufacturing Co., is to 


information irom 


Critical High 


summarize the important wcquired 


single Stage transonic compressor research as the NASA 


[his source of work was selected because it 1s the only 


declassified, published, and coherent information readily 


available at this time The secondary function of this 


paper is to appraise the current state of the art and indi 
cate the outstanding problems and possibilities of tran 


SOTHIC ¢ ompressors 


Steam Cycle Monitoring 


\ number of papers covering the general area of meas 


urements and cycle studies were sponsored by several 


different divisions 
impossible for us to give these papers at this time We 


We regret space limitations make 1t 


will, however, run individual abstracts in future issues 


K. C. Cotton and J. C. Westcott, General Electric Co., 
Methods for Measuring Steam 
that the 
periormance 
steam turbine-generators is to conduct tests 

to the ASME rest Code and that the 
instrumentation and procedures required tor acceptance 
Pheir 


iwreed in their paper 


most a 
level of 


1c ording 


Generator Performance 


method of establishing the 


Purbine 
curate 


Power iccurate 


tests are quite thoroughly covered in the Code 


paper, however, described simplified, but admittedly 


accurate, methods of obtaining steam-turbine per 


less 
formance testing, and methods of checking the accuracy 
ot acceptance tests 


As a 


can be 


result the authors believe turbine performance 


minimum of imstrumentation 


tests If the 


determined with a 


from enthalpy-drop efficiency turbine 


section normally operates in the superheated-steam 


] 
' 
i 


region, these tests can be made accurately Further 


investigations are required to evaluate the merits of 


this method for determining used energy en 
the reheat turbine 

rhe authors stressed, however, that when 
they 


' 


was written, included information and 


opimons believed to be correct and reliabk 
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Abstracts from the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Furnace Reseorch and Advancement 


on Models of 


Flow 
Boiler 


Experiments 
Furnaces. |! 


960, 12 (A 


The Factory Fabricated 
Boiler. L. F. Demir 


Mar 


Coal Fired 


vided 


preader stoke 


with 
id cinder reit 
factorily fror 
with an efficien 
hi but 
nsatisiactor 
high The 


rse drum type 


1 ‘ 
other bo 


toker witl 
tested with a 
t yutput 
iried witl 


9 63 and 84.8 


Research on Pulverized-Fuel Flames 
by the International Flame Research 
Foundation: 1. Summary of Work 
Carried Out by G. G. Thurlow; 2. 
Cold Aerodynamic Trials on a Fifth- 
Scale Model of the Ijmuiden Pulver- 
ized-Fuel Furnace by G. Tissandier; 
3. The First Performance Trial and 
First Combustion Mechanism Trial 
with Pulverized Coal by E. H. Hub- 
bard; 4. Microscopic Examination of 
Samples taken from a Pulverized- 
fuel Flame by B. Alpern, P. Courbon, 
J. Plateau and G. Tissandier. / 
l } 33 (A 
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profiles in an enclosed jet ystem 
he third paper details the results of 
the first test 


effect of the 


series and discusses the 
different variable on 


flame radiation, temperature and heat 


transfer and the combustion mech 
fourth article describes 


ectron ind 


nism The 


the examination by the el 
ol particle taken at 


light microscopes 


various stages from the flame and 


draws some conclusions on the 


} 


com 


yustion process derived from it 


Investigations of a Pulverized Coal 
Flame in a Model. H. Effenberger 
B.W.K. 1960, 12 (Aus 51-5 (in 
(,erman 

coal 


Dried and pulverized brown 


was injected from below into a cylin 


drical vertical furnace and particle 


size and air ratio varied rempera 
ture, gas composition and particle size 
were measured over the furnace length 
he results suggest that all the oxygen 
combustion should be 


of or at the 


required for 
added in front 
mouth 


burner 


Remarks on Research Work on 
Pulverized Coal Flames. t. H 
senhigh B.W.K 1 
56-8 (in German 

4 very brief outlin g n of the 
work on pulverized coal flame 
She fileld 


future research envis 


carried 


out in preliminary results 
obtained an 


iged 


Water-Side Corrosion and 

Water Treatment 

Corrosion in Circulating Water Sys- 
tems. ( 0 Pwr 
Ieng? 960, 1 (Aug 


Occurrence and pro 


Smith Brit 


are disc uss d 


Interference of Organic Contaminants 
with Ion Exchange Processes —Occur- 
rence, Prevention and Cost. H. E 
Bacon and W | \ 10 ftion 
960, 32 (Jul 


The nature 


Corrosion of Heat-Resisting Alloys in 

the Presence of Fuel-Oil Ash. Pt. 1. 

Council of Brit. Manuf. of Petrol 
Equipment's Corrosion I Ctte Brit 
Petrol Equip. Net 959, 7, No. 4 
Autumn), 54-69 





NEEDS 


DEOXY-SOL 


« to remove 0, 
« reduce oxides 
e raise pH 


Fairmount DEOXY-SOL, a solution of 
hydrazine, is a high efficiency oxygen 
scavenger designed especially for high 
pressure boiler water treatment. 

DEOXY-SOL removes oxygen, reduces 
oxides and raises pH of the conden- 
sate all at the same time... yet adds 
no solids. 

Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif. Investigate 
its advantages for your system. Write 
for Bulletin BW. 





IL he I ol iriou in 
ind Na and their ratios or 
1 resistance of ferriticand au 
containing different pet 
Ni ind he 
Specimens were 
it Bankside 
ind those 
Che ferriti 
most resistant 


teel with low 


Bandour Power Station. 
» deposits of vy V:Na rati nd f { } 13 
high Ni ntent more resist Flue Gas, Ash and Dust Che first sect 
The Reinjection of Flyash into a 
Pulverized Coal Fired Boiler. 
Massij / Wi0, 41 () 
Corrosion by Vanadium-Pentoxide So- 
dium Sulphate Mixtures in Labora- 
tory Tests: Correlation with Corro- 
sion by Oil Ash in Field Tests. Pt. 2 
H. Lewis. J Pet 


Iu ft Te 


Supercritical Plant at Drakelow ‘‘C.’’ 
! 167 


" ~ 


Intermittent Release of 
Chimneys. | 


Fire-Side Corrosion in Oil-Fired 
Boilers. L. K. Rendle, R. DD. Wilsd 
; Whittingham , 
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Industrial Gas Cleaning 


” 


The Use of Milled Peat in Large 

Boilers for the Generation of Elec- 

tricity. |. F. Culler i 
33 (Jul 


Advances in Fly-Ash Control. 


rd ” ’ 32 


PURGE CONTROLLER 


CHECK these ORIGINAL feotures 
Indicating faceplate 
Plug-in connector 
“Ready Period"limiting allowable 
time tostart burner after purge 
Interlocked requiring continuous 
air flow proving during purge 
Optional Interlock to prove fuel 
valves closed during entire purge 
Interlocked to operate only if 


P it t 
all burners have shut down ower Generation and Power Plan 





feta 


COMPACT CONTROLS CO. in 


18 ROOSEVELT AVE SYOSSET. NEW YOR* 


Sites for Coal-fired Power Stations. 
60, 13 (Jul 
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‘un Portman? | Losure safe, continuous 
boiler operation with 
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| Reliance 
Coa Ui. 100 14 July), 123 Water Columns 


Models and sizes 
for every boiler 
need to 2500 psi 


working pressure 
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Slag Tap Boiler Performance Associ- 
ated with Power Plant Fly Ash Dis- 
posal. H. M. Rayner I | 
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Reliance High and Low Alarm Water Columns are widely 
known for their sensitive trouble-free alarm mechanism 
Action of the float and whistle valve assembly is direct — 
Dungeness Nuclear Power Station. foolproof. Short, unhindered float travel assures prompt 
(nor Vucl. Pwr. 19 5 g.), Gf response to slight water level variations. Reliance Alarm 
Columns, available to 900 psi, are completely assembled at 
factory and thoroughly tested before shipping . . . Above 
900 psi, forged steel columns can be equipped to supply 
electric alarm service and other safety controls . . . Reliance 
also makes gage cocks, gage valves, gage inserts, illuminators 
and vision-focusing hoods in various styles to suit all needs 
Engineer representatives in all principal cities. 


The Reliance Gauge Column Co., 5902 Carnegie Ave., Cleveland 3, Ohio 


mi} 


~ Reliance 
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DO SECOND BEST 
MORTARS 
REALLY 


COST LESS 
THAN 


SUPER 





“A Truty supe 


3 0 0 0 ? a - - 


ot] 
RY & INSULATION conror 


mena iF act 


TO 


NO, and it has been proved hun- 
dreds of times. Initially you may 
pay on the average of 3/10¢ more 
per brick for SUPER +3000 protec- 
tion.* But here’s what you get: 


Maximum insurance against expensive 
joint failure and down time 

Maximum insurance against high main 
tenance labor and brick replacement 
outlay 


When a second best mortar fails because it 
can't take rough service, the cost is always 
many, many times greater than 3/10¢ per 
brick. The second best mortar is therefore far 
more expensive than SUPER #3000 


More than 25 years of service reports have 
proved that SUPER +3000 costs far less in 
the long run 


SUPER *3000—the “NO EQUAL MORTAR” 
is the lowest cost insurance you can buy 
Write for SUPER #3000 SERVICE REPORTS, 
TECHNICAL DATA, FREE SAMPLE 


REFRACTORY & INSULATION CORP. 


124 WALL STREET + NEW YORK 5, N.Y. 


Soles Offices: Chicago, Ill; Cleveland, Ohio; Bryn Mawr, Pa.; 
Newark, N. J.; Buffalo, N. Y. 


Costable and Bonding Refractories; FURNACE BLOK, 


Manufacturers of 
Blonkets, Block, Plastic ond Fill Insulotions 
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Research 


Responsibility 


Results 


WHEREVER GASES ARE 
CLEANED OR HANDLED. 


Aerotec Industries offers more than a half 

century of world wide experience in engineering 
and manufacturing equipment for efficient and 
economical cleaning and handling of air and gas. 
Single responsibility for complete systems, from 
design to final installation, assures management that 
overall performance guarantees will be met. 


Write for information on the products of interest 


AEFIOTEC INOUSTHIES 


INCORPORATED 


ExEcCUTIVE OFFICES * GREENWICH, CONN. 
Piants at Bantam, Greenwich and So. Norwalk, Conn. 
Cancdian Affilicte: T. C. CHOWN LIMITED, Montreol and Toronto 


Divisions 


INDUSTRIAL « Electrical and Mechanical Dust Collectors « Wet Collectors « 
Fans ¢ Fan-Stecks ¢ Blowers © Gas Scrubbers « Air Preheaters © Curtain 
Dompers 

AIRCRAFT EQUIPMAENT © Advanced electro-mechanical equi t for the 
circraft, missile @id aucleor industries. 

AEROTHERM «© Aircraft lounges, pussenger ond crew seating. 








You get more than extra-heavy 
construction, extra-long service life 
from a Clarage Fan. You now get a 
vastly superior oiling arrangement for 


the bearings — as shown on the right. 


Learn more about the many 
features that make Clarage Fans stand- 
out performers in forced and induced 
draft service. Write us today for 
catalogs or contact nearest Clarage 
sales engineering office. CLARAGE 
FAN COMPANY, Kalamazoo, Mich. 


‘ . > mee A ~ ix x 2 
SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Conode Fons, Lid., 4285 Richeliew St., Montrec! 





Tru-Sight remote oiler 


Sight gouge 


Glass peep sights 
Plaste< jacket 
Heavy cast iron Overflow cup / ol 
bearing support a filler 
cup 
Oil level 
{not running! 


Minimum 
oi! level 
(running) 





ia 





Designed to simplify maintenance, this Clorage Oiler provides 
for accurate remote oil level indication when fan is running or 
not running simplified oil level adjustment quick 
filling automatic overflow to prevent overfilling 
cleanliness due to improved shaft seal effectiveness and use 
of overflow cup. 


, 
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; aT LEANING 


Sumco newly designed missile cleaning equipment meets the The new Sumco Jet-O-Vat service combines both old and 
most stringent chem 1g requirements in all industry. new methods of cleaning shell and tube sides of exchanger 
Missile components a st *ss steel piping systems can bundles. Tube bundles are loaded at your plant and delivered 
now be cleaned tot nicrons and hydrocarbons removed by within hours to our facilities. Depending upon the nature of 
evidence of black light tests conducted in Sumco modern the deposit to be removed, bundles are dipped in one or more 
solvent vats. This is followed by high pressure jetting of both 
the tube and shell sides with equipment capable of delivering 
pressures to 10,000 psi. Your clean bundles are then imme- 


diately returned to your plant on Sumco trailers. 


mobile cleaning laboratory 


With today’s advanced steam generating and processing 
equipment, modern facilities are required to insure positive 
chemical cleaning. The latest technique in cleaning this large 
equipment is with Sumco’s specialized Hi-Flo diesel drive 
pumpers, which deliver 5,000 gpm and approach the normal 
operational boiler flow e Hi-Flo method insures adequate 
mixing, temperature control and more complete after-rinsing. 


y Engineering, inc. CALDWELL. NEW JERSEY 





BIG REASONS WHY 


MULTICLONE FLY ASH COLLECTORS 


COST LESS TO MAINTAIN 
ARE FAR SIMPLER TO SERVICE 


When you buy fly ash collection equipment, don’t stop with a comparison 
of initial cost only. Compare also the cost and simplicity of keeping your 
collector at top-notch efficiency throughout the years. To the outstanding 
advantages of Multiclone’s unique operating features, add the low cost 
and easy maintenance of this equipment and you'll see why Multiclones 
are the leading choice wherever centrifugal types of fly ash collectors 
are the most practical solution. 


Compare the above advantages with any com- 
petitive equipment and you'll readily see why 
Multiclones are the logical choice for your partic- 
ular operations, too. There’s a Multiclone repre- 
sentative near you who will gladly supply further 
details to fit your individual requirements. No 
obligation, of course! Send for descriptive literature 
on Multiclone equipment 


WESTERN 


| PRECLEeLTraAaLriIOn 


DiI ISION OF JOY MANUFACTURING COMPANY 
1000 WEST STH STREET LOS ANGELES 54, CALIFORNIA 
NEW YORK 17 © CHICAGO 2 « PITTSBURGH 22 * ATLANTA 5S © SAN FRANCIS 4 
IN CANADA: 82865 MOUNTAIN SIGHTS AVENUE. MONTREAL. P.O 
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